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Abstract 

Data  communication  control  procedures  define  the  means  for  exchanging  data  between  business 
machines  (e.g.,  computers,  concentrators,  and  terminals)  over  communication  circuits.  The  ad¬ 
vanced  data  communication  control  procedures  (ADCCP)  described  in  this  standard  are  synchro¬ 
nous,  bit  oriented  (i.e.,  use  bit  patterns  instead  of  ASCI  I  characters  for  control),  code  independent 
(i.e.,  are  capable  of  handling  any  data  code  or  pattern),  and  interactive  (i.e.,  have  relatively  high 
efficiency  in  an  interactive  application).  Batch  operation  is  handled  with  efficiency  comparable 
to  that  in  American  National  Standard  Procedures  for  the  Use  of  the  Communications  Control 
Characters  of  American  National  Standard  Code  for  Information  Interchange  in  Specified  Data 
Communication  Links,  ANSI  X3.28-1976.  Improvements  have  also  been  made  with  respect  to 
ANSI  X3. 28-1 976  in  the  areas  of  reliability  and  modularity. 
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Foreword 


(This  Foreword  is  not  a  part  of  American  National  Standard  for  Advanced  Data  Communication  Control 
Procedures  (ADCCP),  ANSI  X3.66-1979.) 


The  development  of  advanced  data  communication  control  procedure  standards  began  in  late 
1969  during  final  work  on  American  National  Standard  Procedures  for  the  Use  of  the  Communi¬ 
cation  Control  Characters  of  American  National  Standard  Code  for  Information  Interchange  in 
Specified  Data  Communication  Links,  ANSI  X3. 28-1971.  At  that  time,  it  was  recognized  that  the 
link  control  procedures  defined  in  ANSI  X3. 28  lacked  certain  desirable  capabilities  but  that  it 
would  be  impractical  to  incorporate  them  in  ANSI  X3.28  due  to  the  basic  philosophy  of  the  stan¬ 
dard.  Consequently,  several  proposals  were  submitted  by  members  of  the  Task  Group  for  new  and 
improved  ways  to  perform  the  necessary  link  control  functions.  One  of  the  most  significant  propo¬ 
sals  was  a  bit-oriented  approach  that  utilized  dependent  single  sequence  numbering.  Out  of  this 
activity  evolved  a  proposal  for  an  American  National  Standard  for  ADCCP  Dependent  Num¬ 
bering.  In  late  1971  an  approach  was  proposed  based  on  an  independent/dual  numbering  philos¬ 
ophy.  Acceptance  of  this  approach  resulted  in  this  American  National  Standard  for  ADCCP. 

The  basic  objectives  of  the  Advanced  Data  Communication  Control  Procedures  are  to  provide  for: 

( 1 )  Full  transparency  and  code  independence 

(2)  Efficient  interactive  and  batch  operation 

(3)  A  high  level  of  reliability 

(4)  Two-way  alternate  and  two-way  simultaneous  operation 

(5)  A  high  level  of  modularity 

Suggestions  for  improvement  of  this  standard  will  be  welcome.  They  should  be  sent  to  the  Ameri¬ 
can  National  Standards  Institute.  Inc,  1430  Broadway,  New  York,  N.Y.  10018. 

This  standard  was  processed  and  approved  for  submittal  to  ANSI  by  American  National  Standards 
Committee  on  Computers  and  Information  Processing,  X3.  Committee  approval  of  the  standard 
does  not  necessarily  imply  that  all  committee  members  voted  for  its  approval.  At  the  time  it  ap¬ 
proved  this  standard  for  submittal  to  ANSI,  the  X3  Committee  had  the  following  members: 
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I  frame  -  Information  format  frame 
ID  -  Identification 
IM  -  Initialization  mode 
IS  -  Initialization  state 

ISO  -  International  Standards  Organization 

ITS  -  Information  transfer  state 

LDS  -  Logically  disconnected  state 

LSB  -  Least  significant  bit 

M  -  Modifier  function  bit 

MSB  -  Most  significant  bit 

N  -  An  integer  variable 

NA  -  Not  applicable 

NDM  -  Normal  disconnect  mode 

N  (E)  -  Receive  sequence  number 

NR M  -  Normal  response  mode 

NEO  -  Normal  respond  opportunity 

N  ( S)  -  Send  sequence  number 

P  bit  -  Poll  bit 

P  -  Primary  station  (Figure  10-1  only) 

P/F  bit  -  Poll  or  final  bit 

P/S/C  -  Primary  or  secondary  or  combined  (station) 

fi  -  Receive  variable 

RD  -  Request  disconnect  (command) 

ESET  -  Reset  (command) 

REJ  -  Reject  (command,  response) 

RIM  -  Request  initialization  mode  (response) 

SNR  -  Receive  not  ready  (command,  response) 

RR  -  Receive  ready  (command,  response) 

S  -  Depending  upon  usage:  -  Send  variable 

-  Supervisory  function  bit 

-  Supervisory  format  (frame) 


S  frame  -  Supervisory  format  frame 
S  -  Secondary  station  (Figure  10-1  only) 

SABM  -  Set  asynchronous  balanced  mode  (command) 

SABME  -  Set  asynchronous  balanced  mode  extended  (command) 
SARM  -  Set  asynchronous  response  mode  (command) 

SARME  -  Set  asynchronous  response  mode  extended  (command) 
SIM  -  Set  initialization  mode  (command) 

SNRM  -  Set  normal  response  mode  (command) 

SNRME  -  Set  normal  response  mode  extended  (command) 

SREJ  -  Selective  reject  (command,  response) 

TO  -  Time-out 
TBA  -  Two-way  alternate 
TWS  -  Two-way  simultaneous 
U  -  Unnumbered  format  (frame) 

U  frame  -  Unnumbered  format  frame 

UA  -  Unnumbered  acknowledgement  (response) 

UA  -  Unbalanced,  asynchronous  class 

UI  -  Unnumbered  information  (command,  response) 

UN  -  Unbalanced,  normal  class 
UP  -  Unnumbered  poll  (command) 

XI D  -  Exchange  identification  (command,  response) 

W,X,Y,Z  -  Bits  in  FR MR  status  field 


NOTE:  The  mathematical  symbols  an 
12,  Frame  Check  Sequence  (FCS) 
Appendix  D,  Frame  Check  Sequence 
they  are  defined  as  introduced  in 


d  abbreviations 
Generation  and 
(FCS)  ,  are  not 
Section  12  and 


used  in  Section 
Checking,  and 
included  above; 
Appendix  D. 
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American  National  Standard 

for  Advanced  Data  Communication 

Control  Procedures  (ADCCP) 


1.  SCOPE 

This  standard  establishes  the  procedures 
synchronous  communication  links  using  AECCP. 
not  define  any  single  system  and  should  not 
specification  for  a  data  communications  system. 


to  be  used  on 
This  standard  does 
be  regarded  as  a 


This  standard  is  intended  to  cover  a  wide  range  of  applications 
(e.g.,  two-way  alternate  and  two-way  simultaneous  data 
communication  between  computers,  concentrators,  and  terminals 
which  are  normally  buffered)  and  a  wide  range  of  data  link 
configurations  (e.g.,  full  and  half-duplex,  multipoint, 
point-to-point,  switched  or  nonswitched) . 

This  standard  is  defined  specifically  in  terms  of  the  action 
that  occur  on  receipt  of  commands  at  secondary  stations  an 
combined  stations. 

In  order  to  provide  a  high  degree  of  standardization  (and, 
therefore,  of  compatibility)  ,  any  eguipment  intended  to  be 
operated  within  the  constraints  of  this  standard  shall  implement 
all  features  of  a  stipulated  basic  class  of  the  procedures. 

CAUTION  NOTICE:  The  user’s  attention  is  called  to  the  possibility  that  compliance  with  this  standard  may  require  use  of  an  invention 
covered  by  patent  rights. 

By  publication  of  this  standard,  no  position  is  taken  with  respect  to  the  validity  of  this  claim  or  of  any  patent  rights  in  connection 
therewith.  The  patent  holder  has,  however,  filed  a  statement  of  willingness  to  grant  a  license  under  these  rights  on  reasonable  and  non- 
discriminatory  terms  and  conditions,  to  applicants  desiring  to  obtain  such  a  license.  Details  may  be  obtained  from  the  publisher. 

No  representation  or  warranty  is  made  or  implied  that  this  is  the  only  license  that  may  be  required  to  avoid  infringment  in  the  use 
of  this  standard. 
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2.  1. 2  Secondary  Station 

A  secondary  station  has  on 
The  secondary  station  tra 
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2.1.3  Combined  Station 
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1  functions  and  protocols  of  secondary 
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ability  from  the  other 
2. 1*  H  Stations  Capable 


combined  station, 
of  Being  Configured 


A  station  is  defined  as  configurable  if 
mode-setting  action,  the  capability  to 
more  than  one  type  of  logical  station; 
secondary  station,  or  combined  station. 

2. 2  Logical  Data  Link  Configurations 

In  A DCCP  there  are  two  logical  data  link 

(1)  Unbalanced  configurations  which 
and  one  or  more  secondary  statio 

(2)  Balanced  configurations  which  ha 
2.  2.  1_  Unbalanced  Configurations 


An  unbalanced 
more  secondary 
point-to-point 
simultaneous. 


configuration  has  one  pri 
stations  connected  to  the 
or  multipoint,  two-way 
switched  or  nonswitched 


configuration  the  primary  station  is  rasp 
secondary  station  in  a  logical  state  a 
See  Section  6.  Additionally,  both  primar 
are  responsible  for  exchanging  data  and 
each  other,  and  initiating  the  link 
functions  defined  in  this  standard.  See 


it  has,  as  the  result  of 
be,  at  different  times, 
i.e.,  primary  station. 


configurations: 

have  a  primary  station 
ns. 

ve  two  combined  stations. 


mary  station  and  one  or 
link.  The  link  may  be 
alternate  or  two-way 
.  In  the  unbalanced 
onsible  for  setting  each 
nd  mode  as  appropriate, 
y  and  secondary  stations 
control  information  with 
level  error  recovery 
Figure  2-1. 


8  '  1 

S  I 

|  PRIMARY  | 

1  ! 

|  STATION  | 

i  I 

I  ! 

■ _ i 


Commands 


> 


- — .  7 

/  - 

V 

Responses 

N 

s 

i 

s 

j  SECONDARY  | 

s 

s 

|  STATION 

E 

i  18  A'8 

|| 

i 

i 

1 

8 

6 

J 

Tf 


|  SECONDARY  ( 

S  I 

s  STATION  | 

|  MQII  j 

1  E 

<L__ - - 1 


Figure  2-1  Unbalanced  Configuration 


15 


AMERICAN  NATIONAL  STANDARD  X3. 66-1979 
2. 2. 2  Balanced  Configurations 

A  balanced  configuration  consists  of  two  combined  stations 
connected  point-to-point,  two-way  alternate  or  two-way 
simultaneous,  switched  or  nonswitched.  Both  combined  stations 
have  compatible  data  transfer  and  link  control  capability.  See 
Figure  2-2. 
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Figure  2-2  Balanced  Configuration 
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Figure  2-3  Symmetric  Configuration 
2 . 3  Logical  States  and  Modes 

Communication  between  two  stations  is  conducted  in  three  logical 
states:  information  transfer  state,  initialization  state,  or 
logically  disconnected  state. 

2-3.2  information  Transfer  State  (ITS) 

While  in  the  ITS,  the  secondary/combined  station  may  transmit  and 
receive  information.  Communications  shall  observe  the 
constraints  of  a  mode  established  in  a  secondary/combined  station 
by  the  remote  primary/combined  station.  Each  mode  specifies  a 
respond  opportunity  and  a  logical  data  link  configuration.  See 
6.  2. 

2-3. 2-1  Normal  Response  Mode  ( NR M) 

NRM  is  an  unbalanced  configuration  operational  mode  in  which  the 
secondary  station  may  initiate  transmission  of  frames  containing 
information  only  as  the  result  of  receiving  explicit  permission 
to  do  so  from  the  primary  station.  After  receiving  permission, 
the  secondary  station  shall  initiate  a  response  transmission. 
The  response  transmission  may  consist  of  one  or  more  frames  while 
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maintaining  an  active  chan 
response  transmission  will 
secondary  station-  Followin 
the  secondary  station  wil 
permission  is  again  received 


nel  state.  The  last  frame  of  the 
be  explicitly  indicated  by  the 
g  the  indication  of  the  last  frame, 
1  stop  transmitting  until  explicit 
from  the  primary  station. 


2.3. 2*2  Asynchronous  Response  Mode  (ARM) 


ARM  is  an  unbalanced  configuration  operationa 
secondary  station  may  initiate  transmission 
explicit  permission  from  the  primary  s 
asynchronous  transmission  may  contain  single 
and  is  used  for  information  field  transfer  or 
changes  in  the  secondary  station  (e.g.,  the 
expected  frame,  transition  from  a  ready  to  a 
vice  versa,  occurrence  of  an  exception  conditi 


1  mode  in  which  the 
without  receiving 
tation.  Such  an 
or  multiple  frames 
to  indicate  status 
number  of  the  next 
busy  condition  or 
on) ,  or  both. 


2.3.  Jl.  3  Asynchronous  Balanced  Mode  (ABM) 

ABM  is  a  balanced  configuration  operational  mode  in  which  a 
combined  station  may  initiate  transmission  without  receiving 
permission  from  the  other  combined  station.  Such  an  asynchronous 
transmission  may  contain  single  or  multiple  frames  for 
information  transfer  or  to  indicate  status  changes  at  the 
transmitting  combined  station  (e.g.,  the  number  of  the  next 
expected  frame,  transition  from  a  ready  to  a  busy  condition  or 
vice  versa,  occurrence  of  an  exception  condition),  or  both. 


2.3.2  Initialization  State  (IS) 

While  in  the  IS,  communications  shall  observe  the  constraints  of 
a  system-defined  procedure.  The  system-defined  procedure  may, 
for  example,  cause  the  secondary/combined  station's  link  control 
to  be  initialized  or  regenerated  by  the  remote  prima ry /combined 
station.  See  6.4. 


2.3.3  Logically  Disconnected  State  (LDS) 

While  in  the  LDS,  the  secondary/combined  station  is  logically 
disconnected  from  the  link  and  is  not  permitted  to  transmit  or 
receive  information.  Communications  shall  observe  the 
constraints  of  a  disconnected  mode  selected  by  system  definition; 
each  mode  specifies  a  respond  opportunity.  See  6.3. 

2.3.  3-1  Normal  Disconnected  Mode  (NDM) 

NDM  is  an  unbalanced  configuration  nonopera tional  mode  in  which 
the  secondary  station  is  logically  disconnected  from  the  link  and 
is  not  permitted  to  initiate  or  receive  information.  The 
secondary  station  may  initiate  transmission  only  as  the  result  of 
receiving  explicit  permission  to  do  so  from  the  primary  station. 
After  receiving  permission,  the  secondary  station  shall  initiate 
a  single  frame  transmission  indicating  its  status. 
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2.3. 3. 2  Asynchronous  Disconnected  Mode  (ADM) 


ADM  is  an  unbalanced  or  balanced  configuration  nonoperat 
mode  in  which  the  secondary/combined  station  is  logi 
disconnected  from  the  link  and  is  not  permitted  to  initia 
receive  information.  A  station  in  ADM  may  initiate  transmi 
without  receiving  explicit  permission  from  the  primary/com 
station  but  the  transmission  shall  be  a  single  frame  indie 
the  station  status. 


iona  1 
cally 
te  or 
ssion 
bined 
ating 


3.  FRAME  STRUCTURE 

In  A DCCP ,  all  transmissions  are  in  frames  and  each  frame  conforms 
to  the  following  structure: 

F  ,  A ,  C,  Info,  FCS ,  F 
W  here : 

F  =  Flag  sequence 
A  =  Address  field 
C  =  Control  field 
Info  =  Information  field 
FCS  =  Frame  check  sequence 

Frames  containing  only  data  link  control  sequences  form  a  special 
case  where  there  is  no  information  field.  The  short  frame 
structure  is  therefore: 


F,  A,  C,  FCS,  F 


The  elements  of  the  frame  are  described  in  the  following 
paragraphs.  See  also  Figure  3-1. 


2-1  Flag  Sequence  (F) 

All  frames  start  and  end  with  the 
is  a  zero  bit  followed  by  6  one 
(01111110).  All  stations  attached 
hunt,  on  a  bit-by-bit  basis,  for 
must  send  only  complete  eight-bit 
sequence  of  011111101111110  at  the 
flag  sequences.  The  flag  is  used 


flag  sequence.  This  sequence 
bits  followed  by  a  zero  bit 
to  the  data  link  continuously 
this  sequence.  A  transmitter 
flag  sequences;  however,  the 
receiver  is  understood  as  two 
for  frame  synchronization. 


In  order  to  achieve  transparency  the  flag  sequence  is  prohibited 
from  occurring  in  the  address,  control,  information,  and  FCS 
fields  via  a  "zero  bit  insertion"  procedure  described  in  3.7. 


The 

flag 

may 


flag  sequence 
sequence  for 
be  used  betwee 


which  closes  a  frame  may 
the  next  frame.  Any  numb 
n  frames.  See  also  Append 
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3. 2  Address  Field  (A) 


The  address  field  contains 
station  or  a  combined  stat 
octets  (N  is  greater  than 
field  is  described  in  Sect 


the 

ion. 

or 

ion 


link 
The 
equa  1 

4. 


level  address  of  a  secondary 
length  of  this  field  (A)  is  N 
to  1)  .  The  encoding  of  this 


3.3  Control  Field  (C) 


The  control  field  contains  a  command  or 
sequence  numbers.  The  control  field  is 
primary/combined  station  to  inst 
secondary/combined  station  to  perform  a 
is  also  used  by  the  secondary  station 
respond  to  the  remote  primary  station  or 
length  of  this  field  (C)  is  one  octet  i 
control  field.  It  is  two  octets  in  len 
extended  control  field.  See  5.2.2. 


response  and  may  contain 
used  by  the  transmitting 
ruct  the  addressed 
specific  operation.  It 
or  combined  station  to 
combined  station.  The 
n  the  case  of  the  basic 
gth  in  the  case  of  the 


Sequence  numbers  and 
described  in  Section  5 
described  in  Section  7 


the  formatting 
Commands  and 


of  the  control  field  are 
responses  are  functionally 


3. 4  Information  Field 

The  information  field  may  be  of  any  number  and  sequence  of  bits; 
the  data  link  procedures  are  completely  transparent.  Data 
contained  in  the  information  field  is  unrestricted  with  respect 
to  code  or  grouping  of  bits.  See  Appendix  B  for  examples  of 
typical  limitations  on  maximum  length. 


3. 5  Frame  Check  Sequence  (FCS) 


All  frames  include  a  16-bit  frame  check  sequence  (FCS)  just  prior 
to  the  closing  flag  for  error  detection  purposes.  The  contents 
of  the  address,  control,  and  information  fields,  excluding  the 
zeros  inserted  to  maintain  transparency  per  3.7,  are  included  in 
the  calculation  of  the  FCS  sequence. 


The  FCS  is  the  remainder  of  a  modulo  2  di 
a  generator  polynomial  as  a  divisor.  The 
that  used  in  International  Telegraph  and 
Committee  (CCITT)  Recommendation  V.41, 
Control  System,  and  is:  X1*  +  X12  +  xs  + 

is  part  of  CCITT  Sixth  Plenary  Assem 
Transmission  Over  the  Telephone  Network, 
the  International  Telecommunication  Union 


vision  process  utilizing 
generator  polynomial  is 
Telephone  Consultative 
Code-Independent  Error 
1.  Recommendation  V.41 
bly ,  V  ol  VIII. 1,  Data 
and  can  be  obtained  from 
,  Geneva,  Switzerland. 


Section  12 
process  and 
Appendix  D 
detection. 
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checking  process 
example  of  FCS 


of  the  FCS  generation 
which  utilizes  the  FCS. 
generation  and  error 
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NOTE:  If  future  applications  show  that  a  higher  degree  of 

protection  is  needed,  the  length  of  the  FCS  will  be  increased  by 
multiples  of  eight  bits.  This  procedure  requires  a  higher  degree 
generator  polynomial,  the  implementation  and  use  of  which  is 
outside  the  scope  of  this  standard. 

3. 6  Abort 


In  the  abort  procedure  a  station 
frame  ends  the  frame  in  an  unusual 
station  will  ignore  the  frame. 


in  the  process  of 
manner  such  that  the 


sending  a 
receiving 


Aborting  a  frame  is  performed  by  transmitting 
less  than  fifteen,  contiguous  one  bits  (with 
Receipt  of  seven  contiguous  one  bits  is  inter 
Receipt  of  fifteen  or  more  contiguous  one  bit 
an  abort  and  idle  link  state.  See  3.9. 


at  least  seven,  but 
no  inserted  zeros) . 
preted  as  an  abort, 
s  is  interpreted  as 


1 

ADCCP  provides  transparency  for  data  coded  in  the  information 
field.  The  occurrence  of  the  flag  sequence  within  a  frame  is 
prevented  via  a  "zero  bit  insertion"  procedure  as  follows: 


The  transmitter  inserts  a  zero  bi 
bits  anywhere  between  the  opening 
the  frame.  The  insertion  of  the 
contents  of  the  address,  control 
(including  the  last  5  bits  of  the 
monitors  the  received  bit  strea 
followed  by  five  contiguous  one  b 
following  bit.  If  it  is  a  zero, 
data  and  the  zero  bit  is  deleted; 
receiver  inspects  the  seventh  bit; 
has  been  received;  if  it  is  a  one 
See  3.6. 


t  folio 
flag 
zero 
,  infor 
FCS)  . 
m;  upon 
its,  th 
the  5 
if  t  he 
if  it 
,  ana 


wing  five  contiguous  one 
and  the  closing  flag  of 
bit  thus  applies  to  the 
mation  and  FCS  fields 
The  receiver  continously 
receiving  a  zero  bit 
e  receiver  inspects  the 
one  bits  are  passed  as 
sixth  bit  is  a  one,  the 
is  zero,  a  flag  sequence 
tort  has  been  received. 


3. 8  Active  Link  State  and  Interframe  Time  Fi 11 

A  link  is  in  an  active  state  when  a  primary  station,  secondary 
station,  or  combined  station  is  actively  transmitting  a  frame,  an 
abort  sequence,  or  interframe  time  fill.  When  the  link  is  in  the 
active  state,  the  right  of  the  transmitting  station  to  continue 
transmission  is  reserved. 

Interframe  time  fill  is  accomplished  by  transmitting  continuous 
flags  between  frames.  There  is  no  provision  in  this  standard  for 
the  specification  of  intraframe  time  fill.  See  also  Appendix  B. 

3. 9  Idle  Link  State 

A  link  is  in  an  idle  state  when  a  continuous  ones  state  is 
detected  that  persists  for  at  least  15  bit  times. 
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Idle  link  time  fill 


is  a  continuous  one  condition  on  the  link. 


3.  _1 0  Invalid  Frame 

An  invalid  frame  is  one  that  is  not  properly  bounded  by  two  flags 
(thus  an  aborted  frame  is  an  invalid  frame)  or  one  which  is  too 
short  (i. e. ,  shorter  than  32  bits  between  flags).  A  secondary 
station  or  combined  station  will  ignore  any  invalid  frame. 

3. XX  Order  of  Bit  Transmission 

Addresses,  commands  and  responses,  and  sequence  numbers  shall  be 
transmitted  low-order  bit  first  (e.g.,  the  first  bit  of  a 
sequence  number  that  is  transmitted  carries  the  weight  2°).  See 
Figure  3-1. 

The  order  of  bit  transmission  for  data  contained  within  the 
information  field  is  application-dependent  and  is  not  specified 
in  this  standard. 

The  order  of  bit  transmission  for  the  FCS  is  most  significant  bit 
first.  See  Appendix  D. 
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in 
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1 

number 

of  bits. 

Figure  3-1 

Structural  Relationship  of  Defined  Fields  in  ADCCP  Format 
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4.  ADDRESS  FIELD 

4.  1_  Unbalanced  Operation 

A  unique  address  is  associated  with  every  secondary  station  on  a 
link.  Additionally,  a  secondary  station  may  be  capable  of 
accepting  frames  which  utilize  a  group  or  global  address; 
however,  when  such  a  secondary  station  responds,  it  will  utilize 
its  unique  address. 

The  address  field  in  a  command  frame  transmitted  by  a  primary 
station  contains  the  address  of  the  (remote)  secondary  station. 
The  address  field  in  a  response  frame  transmitted  by  a  secondary 
station  contains  the  address  of  the  (local)  secondary  station. 

4. 2  Balanced  Operation 

A  unique  address  is  associated  with  each  combined  station  on  the 
link.  Additionally,  a  combined  station  may  be  capable  of 
accepting  frames  which  utilize  a  group  or  global  address; 
however,  when  such  a  combined  station  responds  it  will  utilize 
its  unique  address. 

The  address  field  in  a  command  frame  transmitted  by  a  combined 
station  contains  the  address  of  the  remote  combined  station.  The 
address  field  in  a  response  frame  transmitted  by  a  combined 
station  contains  the  address  of  the  local  combined  station. 


4. 3  Address  Encoding 

Two  address  encoding  formats  are  defined  for  the  address  field: 
basic  and  extended.  These  formats  are  mutually  exclusive  for  any 
given  secondary  station  or  combined  station  on  a  link  and, 
therefore,  the  addressing  format  must  be  explicitly  specified. 

4. 3. 2  Basic  Address  Format 

In  basic  address  format,  the  address  field  contains  one  address, 
which  may  be  a  single  secondary/combined  station  address,  or  a 
group  or  global  secondary/combined  station  address.  This  field 
consists  of  one  octet  with  the  following  format: 


Address  field  bit  number  12345678 


Address  |  |  | 

i _ _ 

A 

Least  significant  bit  — 

First  bit  transmitted  — 


I 


T 

I 


J 
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4.3.2  Extended  Address  Format 


In  extended  format,  the  address  field  is  a  sequence  of 
which  comprises  one  address  which  may  be  a 

secondary/combined  station  address,  or  a  group  or 

secondary/combined  station  address.  When  the  first  bit 
address  octet  is  "O”,  the  subsequent  octet  is  an  extension 
address  field.  See  4.5  for  exception.  The  address  field  is 
terminated  by  an  octet  having  a  "I"  in  bit  position  one.  Thus, 
the  address  field  is  recursively  extendable.  The  format  of  the 
extended  address  field  is  as  follows: 


octets 
single 
global 
of  an 
of  the 


Extension  Indicators- 


Address  Field 
Bit  dumber 


First  Bit  Transmitted - 1 

I 

I 

Least  Significant  Bit - • 

First  Octet  of  Address  Field 

Last  Octet  of  Address  Field 
Host  Significant  Bit  — 


I 


I 

v 


I  1  I 


I  I  I 


A 


4.4  Global  Address 

The  single  octet  address  of  eight  "1"  bits  (11111111)  is  reserved 
as  the  global  (universal,  or  broadcast)  address  in  the  basic  and 
extended  address  formats. 

The  global  address  is  used  in  situations  where  a  specific 
secondary/combined  station  address  is  not  known  (e.g.,  switched 
connection)  or  is  not  relevant  to  the  situation  (e.g.,  broadcast 
transmission) . 

4 . 5  Null  Address 

When  the  first  octet  of  the  address  field  appears  as  eight  "0" 
bits  (00000000) ,  the  address  is  considered  to  be  a  null  (no 
station)  address  and  the  frame  will  be  ignored. 


5.  TRANSMISSION  PARAMETERS  AND  FORMATS 

For  definitions  of  the  following  commonly  used  terms  see 
Glossary,  Appendix  A. 
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-  Accept/Acceptance 

-  Acknowledge 

-  Action 

-  Discard 

5. 1  Parameters 


-  Implement 

-  Invalid 

-  Receive 

-  Respond  opportunity 


The  various  parameters  associated  with  frames  are  described  in 

5.1.1  through  5.1.3.  Figure  5-1  shows  the  position  of  parameters 
within  a  frame. 


5.2-1  Modulus 

Each  information  (I)  frame  is 
the  value  0  through  modulus  - 
the  sequence  numbers) .  Modul 
field  format  and  128  for  the 
sequence  numbers  cycle  through 

The  maximum  number  of  seque 
station  may  have  outstanding  ( 
time  may  never  exceed  one  les 
numbers.  This  restriction  is 
in  the  association  of  transmit 
during  normal  operation  or  er 
number  of  outstanding  I  fra 
either  the  sending  or  receivin 
the  number  of  I  frames  that 
retransmission  (in  the  event  o 

5. 1. 2  Frame  Variables  and  Sequ 


Every  secondary  station  in 
maintains  a  send  variable  on  t 
receive  variable  on  the  I  frara 
primary  station.  Every  prima 
send  variable  on  the  I  frames 
receive  variable  on  the  I  fram 
secondary  station  in  an  in 
combined  station  in  an  inform 
send  variable  on  the  I  frames 
variable  on  the  I  frames  it  c 
combined  station. 


sequentially  numbered  and  may  have 
1  (where  modulus  is  the  modulus  of 
us  equals  8  for  the  basic  control 
extended  control  field  format.  The 
the  entire  range. 

ntially  numbered  I  frames  that  a 
i. e.  ,  unacknowledged)  at  any  given 
s  than  the  modulus  of  the  sequence 
intended  to  prevent  any  ambiguity 
ted  I  frames  with  sequence  numbers 
ror  recovery  action,  or  both.  The 
mes  may  be  further  restricted  by 
g  station  storage  capability;  e.g., 
can  be  stored  for  transmission  or 
f  a  transmission  error) ,  or  both. 

ence  Numbers 


an  information  transfer  state 
he  I  frames  it  transmits  to,  and  a 
es  it  correctly  receives  from,  the 
ry  station  maintains  an  individual 
it  transmits  to,  and  an  individual 
es  it  correctly  receives  from,  each 
formation  transfer  state.  Every 
ation  transfer  state  maintains  one 
it  transmits  to,  and  one  receive 
orrectly  receives  from,  the  remote 


5.1. 2.1  Send  Variable  (S) 

Each  station  capable  of  transmitting  I  frames  has  a  send  variable 
S  which  indicates  the  sequence  number  of  the  next  I  frame  to  be 
transmitted.  S  shall  take  on  the  value  0  througn  modulus  -  1.  S 
is  incremented  by  one  with  each  completed  I  frame  transmission 
(i.e.,  S  will  not  be  incremented  when  an  I  frame  transmission  is 
aborted) . 
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5.1. 2.2  Send  Sequence  Number  (N (S) ) 

Only  I  frames  contain  N(S),  the  sequence  number  of  the 
transmitted  frame.  Prior  to  transmission  of  an  I  frame,  N  (S)  is 
set  equal  to  S. 

5.  !•  2 . 3  Receive  Variable  (R) 

Each  station  capable  of  receiving  I  frames  shall  have  a  receive 
variable  R  equal  to  the  expected  N  (S)  contained  in  the  next  I 
frame  received.  R  is  incremented  by  one  upon  receipt  of  an 
error-free  I  frame  whose  N  (S) =  R. 


.  4 
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See  6. 1 . 
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t  set  to  " 1"  is 

u 

sed 

by  t 

N  (R) 


;xt  received  I  frame, 
transmitting  an  I  or  S 
thus  indicates  that  the 


error 


recovery  is 


command  frames  to  solicit  (poll)  a  response  or  sequence  of 
response  frames  from  a  secondary  station(s)  or  a  combined 
stat ion. 

The  F  bit  set  to  '"I"  is  used  by  a  secondary  station  to: 

(1)  Indicate  in  ARM  the  response  frame  sent  in  reply  to  the 
receipt  of  a  poll  command. 

(2)  Indicate  in  NRM  the  final  frame  transmitted  as  the 
result  of  a  previous  poll  command. 

The  F  bit  set  to  "1"  is  used  by  a  combined  station  to  indicate  in 
ABM  the  response  frame  sent  in  reply  to  the  receipt  of  a  poll 
command . 
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See  6.1  for  further  description  of  the  P/E  bit  operation. 

5. 2  Control  Field  Formats 

The  three  formats  defined  for  the  control  field  are  used  to 
perform  information  transfer,  basic  supervisory  control 
functions,  and  special  cr  infrequent  control  functions. 

5. 2. 1  Basic  Control  Field 

The  basic  control  field  accommodates  modulo  8  N (S)  and  N (R) 
sequence  numbering. 


< - Control  Field - > 

First  Bit  Transmitted  - 

V 

Control  Field  Bits  12345678 


i - 1 


Information  Transfer  Format 

10 

1 

N(S) 

I  P/F 

II 

1 

I 

N(R) 

I 

1 - 

1 

- , - 

1 

H - 

Supervisory  Format 

1  1 

i 

0 

1  S 

1 

S|  P/F 

1 

1 

I 

N(R) 

9 

l  — 

1 

H - 

1 

- 1 - 

i 

-1 - 

Unnumbered  Format 

l  i 

(I 

1 

1  M 

1 

M|  P/F 

i 

1  M 

1 

M  M 

i 

i _ 

1 

1 

1 

_ 1 

Where:  N (S) 
N  (R) 

S 

M 

P/F 


Transmitting 
(Bit  2  =  low 
Transmitting 
(Bit  6  =  low 


station  send  sequence  number, 
order  bit) 

station  receive  sequence  number, 
order  bit) 

Supervisory  function  bits 

Modifier  function  bits 

Poll  bit  -  primary/combined  station 

command  frame  transmissions. 

Final  bit  -  secondary/combined  station 

response  frame  transmissions. 

(1  =  Poll/Final) 


5. 2. 2  Extended  Control  Field 

The  extended  control  field  accommodates  modulo  128  N(S)  and  N (R) 
sequence  numbering.  On  long  propogation  delay  links  (e.g., 
satellite  transmission)  it  is  desirable  for  reasons  of  efficiency 
to  extend  the  modulus  of  the  sequence  numbers  N(S)  and  N  (S) . 


27 


AMERICAN  NATIONAL  STANDARD  X3. 66-1979 


Control  field  extension  for  the  three  formats  is  as  follows: 
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 1 

where  X  bits  are  reserved  and  set  to  "0". 

In  extended  control  field  format  the  transmitter  sets  the  P/F 
bits  in  bit  positions  5  and  9  for  unnumbered  format  commands  and 
responses-  A  receiver  in  extended  control  field  format 
interprets  the  P/F  bit  in  bit  position  9.  A  receiver  in  basic 
control  field  format  receiving  an  extended  control  field  format 
interprets  the  P/F  bit  in  bit  position  5. 

5*3  Information  Transfer  Format  (I) 

The  I  format  is  used  to  perform  an  information  transfer. 

The  functions  of  N  (S) ,  N  (R) ,  and  P/F  are  independent;  i.e.,  each 
I  frame  has  an  N (S)  sequence  number,  the  N  (R)  sequence  number  may 
or  may  not  acknowledge  additional  I  frames  at  the  receiving 
station,  and  the  P/F  bit  may  or  may  not  be  set  to  11  1”. 

5. 4  Supervisory  Format  (S) 

The  S  format  is  used  to  perform  link  supervisory  control 
functions  such  as  acknowledge  I  frames,  request  retransmission  of 
I  frames,  and  indicate  temporary  interruption  of  capability  to 
receive  I/UI  frames-  The  functions  of  N (R)  and  P/F  are 
independent- 
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I 


5. 5  Unnumbered  Format  (U) 


The  U  format  is  used  t 
functions.  This  format 
consequently  five  "modifier 
allow  definition  of  up  to  32 
response  functions. 


o  provide  additional 
contains  no  sequence 
"  bit  positions  are  a 
additional  command  and 


link  control 
numbers  and 
vailable  which 
32  additional 


FRAME 


1  < - 

1  , — First  Bit 

1 

1 

|  |  Transmitted 

1  1 

1 

1 

i  i 

1  |  F  A 

c 

1 

(Info)  FCS  F  | 

1  V 

1 

_  1 

|  01111110  I  I 

|  |X»5  X°  I  0  1 1 1  1 1 10  i 


L  MIL  M| 

S  S|S  S| 

B  B  |  B  B  | 

I  I 

|  Control  | 

l< - >1 


H 

S 

B 


L 

S 

B 


|  Field  I 


I  Format 


j  0  |  N  (S)  |  P/F |  N  (R)  | 


L  M  L  M  LSB  -  Least  Significant  Bit 

S  S  S  S  MSB  -  Most  Significant  Bit 

B  B  B  B 


S  Format 


|  1  0  |  S  S  |  P/F  |  N  ( R) 


L  H 

S  S 

B  B 


U  Format 


1  1  |  H  M  |  P/F  |  H  H  M 


Figure  5-1 


Positional  Significance  of  Bits  in  Fields  of  ADCCP 


Basic  Format 


0 


6.  SECONDARY/COMBINED  STATION  STATES  AND  MODES 


A  secondary/combined  station  transmits  response  frames  to  a 
primary/combined  station  based  on  previous  receipt  of  a  command 
frame.  In  certain  cases,  a  secondary/combined  station  can  also 
initiate  transmission  of  response  frames  to  a  primary/combined 
station.  The  character istics  of  a  secondary/combined  station 
response  are  determined  by:  (1)  the  type  of  respond  opportunity 
which  exists  at  the  secondary/combined  station,  (2)  the  current 
state  of  the  secondary/combined  station,  and  (3)  the  particular 
mode  within  the  state  of  the  secondary/combined  station. 
Secondary/combined  stations  do  not  queue  sequential  responses  for 
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command  frames  received.  A  secon 
is  predicated  on:  (1)  station  stat 
transmitted,  (2)  an  exception  con 
or  (3)  the  previous  receipt  of 
specific  response  format. 

6. 1  Poll/Final  Bit  Usages 

The  Poll/Final  (P/F)  bit  serves  a 
and  response  frames.  In  command 
to  as  the  P  bit.  In  response  fra 
bit. 


dary/combined  station  response 
us  at  the  time  the  response  is 
dition  previously  established, 
a  command  which  requires  a 


function  in  both  command  frames 
frames  the  P/F  bit  is  referred 
mes  it  is  referred  to  as  the  F 


The  P  bit  is  used  to  solicit  a  response  frame  w 
to  "I"  from  the  secondary/combined  station 
opportunity.  A  response  frame  with  the  F  bit 
indicates  the  end  of  transmission  under 
opportunity. 

For  each  primary- secondary  pair  on  unbalanced  1 
direction  on  balanced  links  only  one  frame  wit 
"I"  may  be  outstanding  at  a  given  ti 
primary/combined  station  can  issue  another  frara 
set  to  "I"  it  must  receive  a  response 
secondary/comb ined  station  with  the  F  bit  set 
valid  response  frame  is  obtained  within 
time-out,  the  retransmission  of  a  command  with 
"1"  for  error  recovery  purposes  is  permitted. 

6. 2  Respond  Opportunities 

6. 2. 1  Normal  Respond  Opportunity  ( NRO) 

NRO  is  a  secondary  station  respond  opportuni 
secondary  station  initiates  transmission  of  res 
as  the  result  of  receiving  a  command  frame  with 
,s  1 81  or  a  UP  command.  See  7.4. 2. 2. 
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The  response  transmission  may  consist  of  cne  or  more  frames  while 
the  secondary  station  is  maintaining  an  active  link  state.  In 
all  cases  the  last  frame  of  the  response  transmission  will  have 
the  F  bit  set  to  "1".  When  the  response  frame  with  the  F  bit  set 
to  "I"  is  transmitted,  the  secondary  station  will  stop 
transmitting  response  frames  and  will  not  initiate  any  additional 
transmission  of  response  frames  until  a  subsequent  command  frame 
with  the  P  bit  set  to  " 1 "  is  received  or  until  a  UP  command  is 
received. 


6.2.2  Asynchronous  Respond  Opportunity  ( AEO) 


ARO  is  a  secondary/combined  station  respond  opportunity 
the  secondary/combined  station  initiates  transmission  of 
frames  without  regard  to  the  receipt  of  a  command  frame 


in  which 
response 
with  the 
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P  bit  set  to  "1".  Asynchronous  transmission  of  response  frames 
may  be  initiated  at  the  first  opportunity.  In  two-way 
simultaneous  (TWS)  transmission  the  opportunity  is  always 
present.  In  two-way  alternate  (TWA)  transmission  the  opportunity 
becomes  available  upon  the  detection  of  an  idle  link  state.  An 
asynchronous  transmission  may  contain  multiple  frames  and  is  used 
to  initiate  information  transfer  (I/DI)  or  to  report  status 
changes  in  the  seconda ry/corabined  station  (e.g.,  N  (R)  number 
change,  transition  from  a  ready  to  a  busy  condition  or  vice 
versa,  or  establishment  of  an  exception  condition),  or  both. 

The  secondary/combined  station  shall  transmit  a  frame  with  the  F 
bit  set  to  "1"  only  in  response  to  a  received  command  frame  with 
the  P  bit  set  to  "1".  The  F  bit  is  not  to  be  interpreted  as  the 
end  of  transmission  by  the  secondary/combined  station. 
Additional  response  frames  with  the  F  bit  set  to  "0"  may  be 
transmitted  following  the  response  frame  which  had  the  F  bit  set 
to  "1". 


In  TWS  operation  a  secondary/combined  station  that  is  in  the 
process  of  transmitting  when  the  command  frame  with  the  P  bit  set 
to  "I"  is  received  will  set  the  F  bit  to  "1"  in  the  earliest 
possible  response  frame  to  be  transmitted. 

When  a  station  has  asynchronous  respond  opportunity,  it  shall 
utilize  a  response  time-out  function  which  will  cause  initiation 
of  appropriate  recovery  procedures  if  previously  transmitted 
unsolicited  response  frames  have  not  been  acknowledged  within  a 
system-defined  time-out  period.  Since  simultaneous  contention 
may  occur,  in  TWA  configurations  the  response  timers  at  each  end 
of  the  link  shall  be  unequal.  In  TWA,  the  interval  employed  by  a 
secondary  station  shall  be  greater  than  that  employed  by  the 
primary  station  to  permit  contention  situations  to  be  resolved  in 
favor  of  the  primary  station. 


6.3  Logically  Disconnected  State  (LDS ) 

The  LDS  is  provided  to  prevent  a  secondary/combined  station  from 
appearing  on  the  link  in  a  fully  operational  sense  during  unusual 
situations  or  exception  conditions  since  such  operations  could 
cause  (1)  unintended  contention,  (2)  sequence  number  mismatch,  or 
(3)  ambiguity  as  to  the  secondary/combined  station  status  or 
mode. 


While  in  the  LDS,  the  secondary  station,  or  the  response 
capability  of  a  combined  station,  is  logically  disconnected  from 
the  data  link;  i.e.,  no  information  (I),  unnumbered  information 
( U I)  ,  or  S  response  frames  are  transmitted  or  accepted.  The 
secondary  station  capability,  or  the  response  capability  of  a 
combined  station,  is  limited  to  (1)  accepting  one  of  the 
mode-setting  commands,  (2)  transmitting  a  DM  or  RIM  response 
frame  at  each  respond  opportunity,  and  (3)  responding  to  an  XID 
command. 
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A  secondary/combined  station  in  the  LDS,  as  a  minimum  capability, 
must  respond  with  DM  (disconnected  mode)  to  any  valid  command 
frame  received  with  the  P  bit  set  to  "1".  A  RIM  (request 
initialization  mode)  response  may  be  transmitted  instead  of  DM; 
the  conditions  which  cause  a  secondary/combined  station  to 
transmit  RIM  are  system  defined. 


A  mode-setting, 
to  at  the  first 
accepting 
including 
accepted , 
described 


XID,  or  UP  command  may  be  accepted  and  responded 
respond  opportunity  if  the  station  is  capable  of 
and  actioning  the  command.  Any  other  frame  received, 
a  mode-setting,  XID,  or  UP  command  that  is  not 
is  discarded  except  for  the  response  requirement 
in  the  previous  paragraph. 


A  secondary/combined  station  is  system  defined  with  regard  to  the 
condition  (s)  that  cause  it  to  assume  one  of  the  two  predetermined 
modes  (ADM  or  NDM) . 

Examples  of  possible  system-defined  conditions  (in  addition  to 
that  of  receiving  a  DISC  command)  which  may  cause  a 
secondary/combined  station  to  enter  the  LDS  are; 

(1)  The  secondary/combined  station  power  is  turned  on 

(2)  The  secondary/combined  station  has  a  temporary  loss  of 
power 

(3)  The  secondary/combined  station  link  level  logic  is 
manually  reset 

(4)  The  secondary/combined  station  is  manually  switched 

from  a  local  (home)  condition  to  a 

connected-to-t he-link  condition. 


While  in  the  LDS,  a  secondary/combined  station  may  not  establish 
a  frame  reject  exception  condition. 

6. 3.  ±  Modes  Within  LDS 

While  in  the  LDS,  a  secondary/combined  station  communicates 
under  the  constraints  of  one  of  the  following  two  modes. 

6.3.  _1. 2  Normal  Disconnected  Mode  (NDM) 

NDM  is  a  disconnected  mode  in  which  the  secondary  station  is 
logically  disconnected  from  the  data  link  and  follows  normal 
respond  opportunity  protocol.  See  6.2.1. 

6.3.  1.2  Asynchronous  Disconnected  Mode  (ADM) 

ADM  is  a  disconnected  mode  in  which  the  secondary  station,  or 
response  capability  of  a  combined  station,  is  logically 
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disconnected  from  the  data  link  and  follows  asynchronous  respond 
opportunity  protocol.  See  6.2.2. 

6. 4  Initialization  State  (IS) 

While  in  the  IS,  the  secondary/combined  station  may  be 
initialized  or  regenerated  by  the  remote  primary/combined  station 
and  communicates  under  the  constraints  of  the  mode  specified  in 

6.4.  1. 


6.4.  X  Initialization  Mode  (IM) 


A  secondary/combined  station  enters  the  IM  upon 
response,  under  a  system-defined  respond  opportunit 
the  receipt  of  a  set  initialization  mode  (SIM) 
command.  While  in  the  IM,  the  stations  may  exchan 
in  any  manner  specified  for  that  secondary/com 
(e.g.,  unformatted  and  unchecked  bit  streams,  UI 
frames) ;  however,  in  a  multipoint  configuration 
taken  to  prevent  interference  with  other  stations 
IM  is  ended  when  the  secondary/combined  stat 
actions,  and  acknowledges  a  different  mode-setting 
SNRM ,  SARM,  S ABM,  SNRME ,  SARME,  SABME,  or  DISC). 


sending  a  UA 
y,  in  reply  to 
mode-setting 
ge  information 
bined  station 
frames,  or  I 
care  shall  be 
on  the  link, 
ion  receives, 
command  (i. e. , 


The  secondary/combined  station  may  request  SIM  at  any  time  by 
sending  a  request  initialization  mode  (RIM)  response. 

6. 5  Information  Transfer  State  (ITS) 

While  in  the  ITS,  a  station  is  fully  operational  and  capable  of 
transmitting  and  receiving  I,  S,  and  (J  format  frames. 


6.5.1  Modes  Within  ITS 


While  in  the  ITS,  a  secondary/combined  station  communicates  under 
the  constraints  of  one  of  the  modes  specified  in  6.5. 1.1  through 
6. 5. 1.3.  The  particular  mode  utilized  is  determined  by  the 
primary/corabined  station  with  an  appropriate  mode-setting  command 
and  is  entered  when  the  secondary/combined  station  receives, 
actions,  and  acknowledges  that  mode-setting  command. 

6.5.  1-1  Normal  Response  Mode  (NR M) 

NRM  is  a  secondary  station  information  transfer  mode  in  which  the 
secondary  station  utilizes  normal  respond  opportunity  on  an 
unbalanced  link  configuration.  See  2.2.1  and  6.2.1.  This  mode 
is  selected  by  a  SNRM  or  SNRME  command. 

6.5. 1-2  Asynchronous  Response  Mode  (ARM) 

ARM  is  a  secondary  station  information  transfer  mode  in  which  the 
secondary  station  utilizes  asynchronous  respond  opportunity  on  an 
unbalanced  link  configuration.  See  2-2.1  and  6.2.2.  This  mode 


33 


AMERICAN  NATIONAL  STANDARD  X3. 66-1979 


is  selected  by  a  SARM  or  SARME  command. 


6.5.  1_.  3  Asynchronous  Balanced  Mode  (ABM) 


ABM  is  a  combined  station  information  trans 
combined  stations  utilize  asynchronous  resp 
balanced  link  configuration.  See  2.2.2  and 
selected  by  a  S ABM  or  SABME  command.  A 
transmit  command  frames  at  any  time; 
definition  only  describes  and  applies  to 
transmitting  and  command  frame  receiving 
combined  stations. 


fer  mode  in  which  the 
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6.2.2.  This  mode  is 
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While  in  the  ITS,  the  primary/combi 
N  ( R)  contained  in  any  received  I  or 
"1".  Appropriate  error  recovery  pro 
this  N  (R)  does  not  acknowledge  all 
primary/combined  station  prior  to  an 
frame  sent  with  the  P  bit  set  to  11 1 
qualifying  conditions. 


Similarly,  while  in 
the  N  (R)  contained 


the  ITS,  the  se 
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Appropriate  error  r 
this  N  (R)  does  not 
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frame  with  the  F  bit 
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In  all  cases  the  N  (R)  of  a  correctly  received  I  or  S  frame  shall 
confirm  previously  transmitted  I  frames  through  N(R)-1. 


7.  COMMANDS  AND  RESPONSES 

This  standard  defines  the  link  control  operation  in  terms  of  the 
actions  and  internal  modes  of  the  secondary/combined  station. 
The  actual  link  management  procedure  (i. e. ,  sequence  of  commands 
and  related  responses)  is  application  and  link  configuration 
dependent.  Consequently,  specific  primary/combined  station 
command  sequences  are  not  defined  by  this  standard  but  are  left 
to  the  designer  of  the  primary/combined  station  link  control. 
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Subsections  7.1  through  7.3 
commands  and  responses 
transmission  formats. 


contain 
li sted 


the  definition  of  the  set  of 
below)  for  each  of  the 


INFORMATION  TRANSFER  FORMAT  COMMANDS 

INFORMATION  TRANSFER  FORMAT  RESPONSES 

I  -  Information 

I  - 

Inf  ormation 

SUPERVISORY  FORMAT  COMMANDS 

SUPERVISORY  FORMAT  RESPONSES 

RR 

Receive  ready 

RR 

-  Receive  ready 

RNR  - 

Receive  not  ready 

RNR 

-  Receive  not  ready 

REJ  - 

Reject 

REJ 

-  Reject 

SREJ  - 

Selective  reject 

SREJ 

-  Selective  reject 

UNNUMBERED 

FORMAT  COMMANDS 

UNNUMBERED  FORMAT  RESPONSES 

Mode^Set^t in_q  Commands 

Mode- 

Setting  Responses 

SNRM  - 

Set  normal  response  mode 

UA 

-  Unnumbered  acknowledgement 

SARM  - 

Set  asynchronous  response 

DM 

-  Disconnected  mode 

mode 

RIM 

-  Request  initialization  mode 

SABM  - 

Set  asynchronous  balanced 
mode 

SNRME  - 

Set  normal  response  mode 
extended 

SARME  - 

Set  asynchronous 
response  mode  extended 

SABME  - 

Set  asynchronous  balanced 
mode  extended 

SIM 

Set  initialization  mode 

DISC  - 

Disconnect 

Information  Transfer  Commands 

Information  Transfer  Responses 

UI  -  Unnumbered  information 

UP  -  Unnumbered  poll 

UI  - 

Unnumbered  information 

Recovery 

Commands 

Recovery  Res  ponses 

RSET  - 

Reset 

FRMR 

-  Frame  reject 

miscellaneous  Commands 

XID  -  Exchange  identification 

N2L££ser ved  Commands 
4  Encodings 


miscellaneous  Responses 

XID  -  Exchange  identification 
RD  -  Request  disconnect 

N onreser ved  Responses 

4  Encodings 
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7. 1  Information  Transfer  Format  (I)  Comma nd/Response 

The  function  of  the  information  (I)  command/response  is  to 
efficiently  transfer  sequentially  numbered  frames  containing  an 
optional  information  field. 

The  encoding  of  the  I  command/response  control  field  is  as  follows: 


I  Format  Command/Response 
< - Control  Field - > 


First  Bit  Transmitted 

I 

! 

t 

Control  Field  Bits:  12345678 

I  0  !  N(S)  IP/FI  N  (R)  | 


i _ i 


8  i 

a  n 

1 

| 

S 

a 

i  i 

I  l 

I 

1 

9 

t 

1  S 

t  j 

1 

Receive  Sequence 

S 

1 

Number  Modulo  8 

Information  j 

t 

Transfer  Format  | 

1 

Command: 

Poll 

8 

Response: 

Final 

Send  Sequence 
Number  Modulo  8 


For  extended  control  field  format  see  5.2.2. 

The  I  frame  control  field  contains  two  sequence  numbers:  N (S)  , 
send  sequence  number,  which  indicates  the  sequence  number 
associated  with  the  I  frame;  N  (R)  ,  receive  sequence  number,  which 
indicates  the  sequence  number  of  the  next  expected  I  frame  (i.e., 
I  frames  numbered  up  to  and  including  N(R)  -  1  are  accepted). 

An  I  frame  with  P/F  bit  set  to  "1"  may  report  the  end  of  a 
station  busy  condition  as  specified  in  8.1.3. 

See  6.1,  6.5.2,  and  8.2.1  for  description  of  P/F  bit  operation. 


I 
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7.  2  Supervisory  Format  (S)  Commands/ Responses 

Supervisory  (S)  commands/responses  are  used  to  perform  basic 
supervisory  link  control  functions  such  as  I  frame 
acknowledgement,  polling,  temporary  interruption  of  information 
(I/tJI)  transfer,  and  error  recovery. 

Frames  with  the  S  format  do  not  contain  an  information  field. 
Therefore,  a  station  does  not  increment  its  send  variable  (S) 
upon  the  transmission  of  an  S  format  frame  nor  does  it  increment 
its  receive  variable  (R)  upon  accepting  an  S  format  frame. 

The  encoding  of  the  S  command/ response  control  field  is  as 
follows: 


Supervisory  Format 
< - Control  Field - >| 


First  Bit  Transmitted 


f 


0 


I 

t 


Control  Field  Bits:  123456  78 


Commands 


I  1  0  | 


I 

I 

! 

t 

Supervisory 

Format 


S  |  P/F  |  N  (R) 


|  |  t 

I  f 

|  |  Receive  Sequence 

|  |  Number  Modulo  8 

I  I 

|  t 

|  Command:  Poll 
|  Response:  Final 

I 

t 


Responses 


BE  -  Receive  ready 

BNB  -  Receive  not  ready 

BEJ  -  Reject 

SREJ  -  Selective  reject 


00  RR  -  Receive  ready 

10  RNR  -  Receive  not  ready 

01  EEJ  -  Reject 

11  SREJ  -  Selective  reject 


For  extended  control  field  format  see  5.2.2. 
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(RR)  Command /Response 


Receive  ready  (RR) 
ready  to  receive  an 
up  to  and  including 


is  used  by  a  station  to:  (1)  indicate  it  is 
I  frame  and  (2)  acknowledge  I  frames  numbered 
N (R)  =1  . 


The  primary/combined  station  may  use  the  RR  command 
bit  set  to  "1"  to  solicit  responses  from 
secondary/combined  station. 


with  the 
(poll) 


P 

a 


An  RR  frame  is  one  way  to  report  the  end  of  a  station  busy 
condition.  See  8.1.3. 


7.2.2  Receive  Not  Ready  (RNR)  Command/Response 

Receive  not  ready  (RNR)  is  used  by  a  station  to  indicate  a  ''busy" 
condition;  i.e.,  the  temporary  inability  to  accept  additional 
incoming  information  (I  or  UI)  frames.  I  frames  numbered  up  to 
and  including  N(R)-1  are  acknowledged.  I  frame  N  (R)  and  any 
subsequent  I  frames  received,  if  any,  are  not  acknowledged;  the 
acceptance  status  of  these  frames  will  be  indicated  in  subsequent 
exchanges. 


The  primary/combined  station 
the  P  bit  set  to  "I"  to 
secondary/combined  station, 
response  will  be  a  frame  with  the 
Busy  Condition,  for  further  details 


may  also  use  the  RNR  command  with 
obtain  the  receive  status  of  a 
The  secondary/corabined  station 
F  bit  set  to  "  1".  See  8.1, 
on  RNR  usage. 


7.  2. 3  Reject  (REJ)  Comraand/Response 


Reject  (REJ)  is  used  by  a  station  to  request  retransmission  of  I 
frames  starting  with  the  frame  numbered  N (R) .  I  frames  numbered 
N  ( R) - 1  and  below  are  acknowledged.  Additional  I  frames  pending 
initial  transmission  may  be  ’transmitted  following  the 
retransmitted  I  f rame  (s) . 


Only  one  REJ 
station,  may 
SREJ  may  not 
exception  con 


exception  condi 
be  established 
be  transmitted 
dition  has  been 


tion ,  from  a  given  station  to  another 
at  any  given  time;  another  REJ  or 
(i.e.,  actioned)  until  the  first  REJ 
cleared  at  the  sender. 


The  REJ  exception  condition  is  cleared  (reset)  upon  acceptance  of 
an  I  frame  with  an  N(S)  number  equal  to  the  N (R)  of  the  REJ 
command/response  or  after  a  timeout  has  occurred. 
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An  REJ  is  one  way  to  report  the  end  of  a  station  busy  condition. 
See  8. 1.3. 

See  8.2  for  sequence  error  recovery  protocols. 

7.2.4  Selective  Reject  (SREJ)  Command/Resgonse 


Selective  reject  (SREJ)  is  used  by  a  station  to  request 
retransmission  of  the  single  I  frame  numbered  N  (R) .  I  frames  up 
to  and  including  N(R)-1  are  acknowledged. 

The  SREJ  exception  condition  is  cleared  (reset)  upon  acceptance 
of  an  I  frame  with  an  N (S)  number  equal  to  the  N (R)  of  the  SREJ 
command/response. 

After  a  station  transmits  a  SREJ  it  may  net  transmit  another  SREJ 
(except  for  a  SREJ  with  P  or  F  bit  set  to  "1"  and  with  N (R)  equal 
to  the  N  (R)  of  the  first  SREJ;  see  8.2.3)  or  another  REJ  for  an 
additional  sequence  error  until  the  first  SREJ  error  condition 
has  been  cleared  or  a  time-out  has  occurred.  (This  is  because 
such  a  transmission  would  acknowledge  as  correctly  received  all  I 
frames  up  to  and  including  N(R)-1,  where  N(R)  is  the  sequence 
number  in  the  second  SREJ  or  REJ.) 


I  frames  that  may  have  been  transra 
indicated  by  the  SREJ  com mand/r espo 
the  result  of  receiving  an  SREJ. 
initial  transmission  may  be 
retransmission  of  the  specific  I  fra 


itted  following  the  I  frame 
nse  are  not  retransmitted  as 
Additional  I  frames  awaiting 
transmitted  following  the 
me  requested  by  the  SREJ. 


An  SREJ  is  one  way  to  report 
See  8.1.3. 


the  end  of  a  station  busy  condition. 


See  8.2  for  sequence  error  recovery  protocols. 


7.3  Unnumbered  Format  (U)  Comman ds/Responses 


Unnu 

mber ed 

numb 

er 

of 

li 

the 

se 

nd 

va 

the 

r 

ecei 

ve 

"mod 

if 

ier" 

comm 

an 

d  f  u 

nc 

The 

e 

ncod 

in 

foil 

ow 

s: 

(U)  commands  and  responses 
nk  supervisory  functions, 
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32 

additional 

resp 

g  of 

the 

U 

command/re 
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are  used  to  extend  the 
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eceiving  station.  Five 
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onse  functions. 

se  control  field  is  as 
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|< - Unnumbered  Format - >| 

Control  Field 


First  Bit 
Transmitted 


f 

Control 

Field  Bits:  123  45  678 

i - i 

|1  1  a  M  M|  P/F  s  M  M  M| 

a - - - - 1 


f  L - - , - , 

s  t 

Unnumbered  Format  jj 

S  5  "Modifier”  Bits 

S 

t 


Command:  Poll 
Response:  Final 


For  extended  control  field  format  see  5.2,2. 

See  6.1,  6.5.2,  and  8.2.1  for  description  of  the  P/F  bit 

operation. 


7. 4  Unnumbered  Format  Commands 

Unnumbered  format  commands  are  grouped  according  to  the  function 
performed: 

(1)  Mode-setting  commands:  SNR M,  S  ARM  ,  S  ABM,  SNRME,  SARME, 

SABME,  SIM,  DISC 

(2)  Information  transfer  commands:  HI,  UP 

(3)  Recovery  commands:  RSET 

(4)  Miscellaneous  commands:  XID 

(5)  Nonreserved  commands:  4  encodings 

The  following  U  format  commands  are  defined;  other  commands  may 
be  defined  in  the  future  if  required.  All  bit  encodings  not 
defined  are  reserved  for  future  standard  assignment. 
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First  Bit  Transmitted 


1 

Control 

Field 

Bits 

1 

2 

3 

4  5 

6 

7  8 

1 

1 

0 

0 

P 

0 

0 

1 

SNRM  command 

1 

1 

1 

1 

P 

0 

0 

0 

SARM  command 

1 

1 

1 

1 

P 

1 

0 

0 

SABM  command 

1 

1 

1 

1 

P 

0 

1 

1 

SNRME  command 

1 

1 

1 

1 

P 

0 

1 

0 

SARME  command 

1 

1 

1 

1 

P 

1 

1 

0 

SABME  command 

1 

1 

1 

0 

P 

0 

0 

0 

SIM  command 

1 

1 

0 

0 

P 

0 

1 

0 

DISC  command 

1 

1 

0 

0 

P 

0 

0 

0 

UI  command 

1 

1 

0 

0 

P 

1 

0 

0 

OP  command 

1 

1 

1 

1 

P 

0 

0 

1 

RSET  command 

1 

1 

1 

1 

P 

1 

0 

1 

XI D  command 

1 

1 

0 

1 

P 

0 

0 

0 

Nonreserved  command 

1 

1 

0 

1 

P 

0 

0 

1 

Nonreserved  command 

1 

1 

0 

1 

P 

0 

1 

0 

Nonreserved  command 

1 

1 

0 

1 

P 

0 

1 

1 

Nonreserved  command 

For 

extended 

control 

field 

format 

see 

5.2. 

2. 

See 

6.1, 

6.5. 

2, 

and  8 

.  2.  1 

for  description 

of  the  P  bit  operation. 

The 

mode- 

setting 

commands. 

RSET, 

and 

the 

XI D  command  form  a  set 

of 

commands 

which 

require  a 

specific  response  from  a 

secondary/combined  station.  The  response  to  a  command  of  this 
set  takes  precedence  over  other  responses  which  may  be  pending. 
If  more  than  one  command  of  this  set  is  received  prior  to  a 
respond  opportunity,  a  single  response  is  transmitted  that  is 
referenced  to  the  first  such  command  received;  any  additional 
commands  of  the  set  are  monitored  only  to  detect  the  next  respond 
opportunity. 

NOTE;  It  is  recommended  that  the  primary/secondary  station 
transmitting  one  of  the  commands  in  this  set  provide  a  respond 
opportunity  for  the  remote  station  with  each  transmitted  command 
(  e.g.,  issue  the  command  with  the  P  bit  set  to  "1"). 

In  the  case  of  THA  operation,  following  the  receipt  of  one  of 
these  0  commands,  a  secondary/combined  station  is  restricted  to 
transmitting  a  single  response  frame.  In  the  case  of  TWS 
operation  a  secondary/combined  station  which  is  transmitting  at 
the  time  of  the  receipt  of  one  of  these  0  commands  will  initiate 
transmission  of  a  single  response  frame  at  the  first  respond 
opportunity.  The  secondary/combined  station  may  continue 
transmission  following  return  of  the  response  as  appropriate  to 
its  respond  opportunity. 
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7. 4. X  Mode-Setting  Command s 


Mode-setting  commands  are  transmitted  by  the  prima 
station  in  order  to  reset  or  change  the  mode  of  th 
secondary/combined  station.  Once  established  a  mode 
effect  at  a  secondary  station  until  the  next  mode-sett 
is  accepted,  and  at  a  combined  station  until 

mode-setting  command  is  either  accepted  or  trans 
acknowledged. 

The  SNRM ,  SARM,  S ABM,  SNRME,  SARME,  SABME,  SIM,  and  DI 
require  the  secondar y/comb ined  station  tc  acknowledge 
by  responding  with  a  single  unnumbered  acknowledgement 
at  the  first  respond  opportunity.  The  UA  has  the  F 
”1"  if  the  mode-setting  command  had  the  P  bit  set  t 
other  I,  S,  or  U  format  commands  are  received  f 
mode-setting  command  and  prior  to  a  respond  opportunit 
monitored  only  to  determine  the  respond  opportunity. 


ry/combined 
e  addressed 
remains  in 
ing  command 
the  next 
mitted  and 


SC  commands 
acceptance 
(UA)  frame 
bit  set  to 
o  "1".  If 
ollowing  a 
y,  they  are 


In  the  case  of  the  operational  mode-setting  command  (SNRM,  SARM, 
SABM,  SNRME,  SARME,  SABME)  the  respond  opportunity  at  the 
secondary  station  is  determined  by  the  command  received  (i.e., 
the  mode  to  which  the  secondary/combined  station  is  directed 
dictates  when  the  response  is  transmitted).  Unless  a  response  to 
XI D  or  RSET  is  pending,  a  secondary/combined  station  responds  as 
follows  to  the  receipt  of  a  mode-setting  command: 


(1) 


Upon  receipt  of  a  SNRM  o 
set  to  "1",  the  secon 
single  UA  frame  with  the 
of  a  SNRM  or  SNRME  comm 
the  secondary  station  wa 


(a)  until  it  receives  a 
"1”,  in  which  case 
frame  with  the  F  bi 


r  SNRME  command  with  the  P  bit 
dary  station  responds  with  a 
F  bit  set  to  "I".  Upon  receipt 
and  with  the  P  bit  set  to  "0", 
its 


command  with  the  P 
it  responds  with  a 
t  set  to  "  1  " ;  or 


bit  set  to 
single  UA 


(b) 


until  it 
to  "0") , 
UA  frame 


receives  a  UP  command  (with  the  P  bit  set 
in  which  case  it  responds  with  a  single 
with  the  F  bit  set  to  "0". 


Upon 

with 

will 

receipt  of  a  SARM  or  SARME  command, 
out  the  P  bit  set  to  "1",  the  secondary 
transmit  a  single  UA  frame: 

with  or 
station 

(a) 

upon  detection  of  an  idle  link  state 
operation,  or 

in 

TWA 

(b) 

at  the  earliest  respond  opportunity 

operation. 

in 

TWS 

The  UA  frame  will  have  the  F  bit  set  to  "I" 
command  has  the  P  bit  set  to  "1". 

if 

the 
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(3)  Upon  receipt  of  a  SABM  or  SAB  ME  command,  with  or 
without  the  P  bit  set  to  "1",  the  combined  station  will 
transmit  a  single  UA  frame: 

(a)  upon  detection  of  an  idle  link  state  in  TWA 
operation,  or 

(b)  at  the  earliest  respond  opportunity  in  TWS 
operation. 

The  UA  frame  will  have  the  F  bit  set  to  "1"  if  the 
command  has  the  P  bit  set  to  "1". 


In  the  case  of  the  nonopera ti onal  mode-setting  commands  (SIM  or 
DISC)  the  secondary/combined  station  will  respond  with  a  single 
UA  frame  at  its  system-defined  respond  opportunity;  i.e.,  a  given 
secondary/comb med  station  is  system  defined  to  always  use  the 
normal  respond  opportunity  or  the  asynchronous  respond 
opportunity  for  the  UA  response. 

If  the  secondary/combined  station  cannot  accept  a  mode-setting 
command,  it  will,  at  its  first  respond  opportunity,  transmit  one 
of  the  responses,  DM,  FRMR,  RD  or  RIM,  as  appropriate,  indicating 
non-acceptance  of  the  command. 


NOTE:  The  protocol  defined  here  requires  that  the 
primary/combined  station  restrict  the  transmission  of  U  commands 
which  require  UA  responses  so  that  only  one  such  command  is 
outstanding  (not  acknowledged)  to  any  given  secondary/combined 
station  at  any  given  time.  This  eliminates  the  requirement  for 
the  secondary/combined  station  to  queue  responses  and  prevents 
any  ambiguity  regarding  the  meaning  of  the  UA  response. 

7.4.  !•  1  Set  Normal  Response  Mode  (SNR M)  Command 

The  SNRM  command  is  used  to  place  the  addressed  secondary  station 
in  NRM  where  all  control  fields  are  one  octet  in  length.  No 
information  field  is  permitted  with  the  SNRM  command. 


Upon  acceptance  of  th 
receive  variables  ar 
confirms  acceptance  o 
unextended  control  fie 


is 

c  cmmand 

the  second 

e 

set  to 

zero.  Th 

f 

SNRM  by 

transmi ssi 

Id 

format. 

ary  station  send  and 
e  secondary  station 
on  of  a  UA  in  the 


Previously 
command  is 
is  one  way 
See  8.1.3. 


transmitted  I  frames  that  are  unacknowledged  when  this 
actioned  remain  unacknowledged.  Transmission  of  SNRM 
to  report  the  end  of  a  primary  station  busy  condition. 
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7.4. 1.2  Set  Asynchronous  Response  Mode  (SARM)  Command 

The  SARM  command  is  used  to  place  the  addressed  secondary  station 
in  ARM  where  all  control  fields  are  one  octet  in  length.  No 
information  field  is  permitted  with  the  SARM  command. 

Upon  acceptance  of  this  command  the  secondary  station  send  and 
receive  variables  are  set  to  zero.  The  secondary  station 
confirms  acceptance  of  SARM  by  the  transmission  of  a  UA  response 
in  the  unextended  control  field  format. 

Previously  transmitted  I  frames  that  are  unacknowledged  when  this 
command  is  actioned  remain  unacknowledged.  Transmission  of  SARM 
is  one  way  to  report  the  end  of  a  primary  station  busy  condition. 
See  8-1.3. 

7.4.  J.  3  Set  Asynchronous  Balanced  Mode  (SABM)  Command 

The  SABM  command  is  used  to  place  the  addressed  combined  station 
in  ABM  where  all  control  fields  are  one  octet  in  length.  No 
information  field  is  permitted  with  the  SABM  command. 

Upon  acceptance  of  this  command  the  combined  station  send  and 
receive  variables  are  set  to  zero.  The  combined  station  confirms 
acceptance  of  SABM  by  the  transmission  of  a  UA  response  in  the 
unextended  control  field  format. 

Previously  transmitted  I  frames  that  are  unacknowledged  when  this 
command  is  actioned  remain  unacknowledged.  Transmission  of  SABM 
is  one  way  to  report  the  end  of  a  combined  station  busy 
condition.  See  8.1.3. 

7.4.  _1 . 4^  Set  Normal  Response  Mode  Extended  (SNRME)  Command 

The  SNRME  command  is  used  to  place  the  addressed  secondary 
station  in  NRM  where  all  control  fields  will  be  two  octets  in 
length  as  defined  in  5.2.2.  No  information  field  is  permitted 
with  the  SNRME  command. 

Upon  acceptance  of  this  command  the  secondary  station  send  and 
receive  variables  are  set  to  zero.  The  secondary  station 
confirms  acceptance  of  SNRME  by  transmission  of  a  UA  response  in 
the  extended  control  field  format. 

Previously  transmitted  I  frames  that  are  unacknowledged  when  this 
command  is  actioned  remain  unacknowledged.  Transmission  of  SARME 
is  one  way  to  report  the  end  of  a  primary  busy  condition.  See 

8.1.3. 


7.4.  1..  5  Set  Asynchronous  Response  Mode  Extended  (SARME)  Command 

The  SARME  command  is  used  to  place  the  addressed  secondary 
station  in  ARM  where  all  control  fields  will  be  two  octets  in 
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length  as  defined  in  5.2.2.  No  information  field  is  permitted 
with  the  SARME  command. 

Upon  acceptance  of  this  command  the  secondary  station  send  and 
receive  variables  are  set  to  zero.  The  secondary  station 
confirms  acceptance  of  SARME  by  transmission  of  a  UA  response  in 
the  extended  control  field  format. 

Previously  transmitted  I  frames  that  are  unacknowledged  when  this 
command  is  actioned  remain  unacknowledged.  Transmission  of  SARME 
is  one  way  to  report  the  end  of  a  primary  busy  condition.  See 

8.1.3. 

7.4.  \.6  Set  Asynchronous  Balanced  Mode  Extended  (SABME)  Command 

The  SABME  command  is  used  to  place  the  addressed  combined  station 
in  ABM  where  all  control  fields  will  be  two  octets  in  length  as 
defined  in  5.2.2.  No  information  field  is  permitted  with  the 
SABME  command. 

Upon  acceptance  of  this  command  the  combined  station  send  and 
receive  variables  are  set  to  zero.  The  combined  station  confirms 
acceptance  of  SABME  by  transmission  of  a  UA  response  in  the 
extended  control  field  format. 

Previously  transmitted  I  frames  that  are  unacknowledged  when  this 
command  is  actioned  remain  unacknowledged.  Transmission  of  SABME 
is  one  way  to  report  the  end  of  a  combined  station  busy 
condition.  See  8.1.3. 

7 . 4.  J . 7  Set  Initialization  Mode  (SIM)  Command 

The  SIM  command  is  used  to  cause  the  addressed  secondary/combined 
station  to  initiate  a  station-specified  procedure  (s)  to 
initialize  its  link  level  control  functions  (e. g. ,  accept  a  new 
program  or  update  operational  parameters) .  No  information  field 
is  permitted  with  the  SIM  command. 

The  secondary/combined  station  confirms  acceptance  of  SIM  by 
transmission  of  a  UA  response.  The  respond  opportunity  and  the 
control  field  format  of  the  UA  response  are  system  defined. 

Previously  transmitted  I  frames  that  are  unacknowledged  when  this 
command  is  actioned  remain  unacknowledged. 

7 . 4.  1_«  8  Disconnect  (DISC)  Command 

The  DISC  command  is  used  to  perform  a  logical  disconnect;  i.e., 
to  inform  the  addressed  secondary/combined  station  that  the 
transmitting  primary/combined  station  is  suspending  operation 
with  that  secondary/combined  station.  In  switched  networks,  this 
logical  disconnect  function  at  the  data  link  level  may  serve  to 
initiate  a  physical  disconnect  operation  at  the  physical 
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interface  level;  i  .  e . ,  to  go  "on-hook".  No  information  field  is 
permitted  with  the  DISC  command. 


The  secondary/combined  sta 
transmission  of  a  UA  resp 
control  field  format  of 
secondary/combined  statio 
response  upon  receiving  a 
transmitted  instead  of  D 
described  in  6.3.  The  r 
format  after  receipt  of 
secondary  station.  The  re 


ti  on  c 
onse . 
the  UA 
n  in 
DISC 
M  unde 
es  pond 
DISC  i 
spond 


onfirms  acceptance  of  DISC  by  the 
The  respond  opportunity  and  the 
response  is  system  defined.  A 
ADM  or  N DM  will  transmit  a  DM 
command.  A  RIM  response  may  be 
r  the  system-defined  conditions 
opportunity  and  control  field 
s  system  defined  for  any  given 
opportunities  are  defined  in  6.2. 


Previously  transmitted  I  frames  that  are  unacknowledged  when  this 
command  is  actioned  remain  unacknowledged. 


7.4.2  Unnumbered  Information  Transfer  Commands 


Unnumbered  information  transfer  commands  are  used  to  exchange 
frames  containing  information. 


7. 4.  2.  1_  Unnumbered  Information  (UI)  Command 


The  UI  command  is  used  to  transfer  an  information  field  to  a 
secondary/combined  station  or  group  of  secondary  stations  without 
impacting  the  send  and  receive  variables.  The  information  field 
is  optionally  present  with  the  UI  command.  Reception  of  the  UI 
frame  is  not  sequence-number  verified;  therefore,  the  frame  may 
be  lost  if  a  link  exception  occurs  during  transmission  of  the  UI 
or  the  frame  may  be  duplicated  if  an  exception  occurs  during  any 
reply  to  the  UI.  Examples  of  UI  frame  information  are  higher 
level  status,  operation  interruption,  temporal  data  (e.g., 
time-of-day) ,  or  link  initialization  parameters. 

See  Appendix  B  for  additional  explanatory  information. 


7.4. 2.2  Unnumbered  Poll  (UP)  Command 


The  UP  command  is 
secondary /co mb ined 


used  to  solicit  response  frames  from  a  single 
station  (individual  poll)  or  from  a  group  of 
secondary  stations  (group  poll) ,  by  establishing  a  logical 
operational  condition  that  exists  at  each  addressed  station  for 
one  respond  opportunity.  (In  the  case  of  a  group  poll,  the 
mechanism  employed  to  control  (schedule)  the  response 
transmissions  (to  avoid  simultaneous  transmissions)  is  considered 
to  exist  and  is  not  defined  in  this  standard.)  Secondary 
stations  receiving  UP  with  a  group  address  will  respond  in  the 
same  manner  as  when  addressed  with  an  individual  address.  The 
response  frame  (s)  will  contain  the  sending  secondary/combined 
station  individual  address,  plus  N(S)  and  N (R)  numbers  as 
required  by  the  particular  responses.  (The  continuity  of  each 
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secondary/combined  station  N(S)  will  be  maintained.)  The  UP 
command  does  not  acknowledge  receipt  of  any  response  frames  that 
may  have  been  previously  transmitted  by  the  secondary/combined 
station.  No  information  field  is  permitted  with  the  UP  command. 

A  secondary/combined  station  which  receives  a  UP  with  the  P  bit 
set  to  "1"  will  respond  (at  its  respond  opportunity  and 
consistent  with  its  mode  of  operation)  with  a  frame  which  has  the 
F  bit  set  to  "I". 

A  secondary/combined  station  which  receives  a  UP  with  the  P  bit 
set  to  "0"  may  or  may  not  respond;  responses  will  have  the  F  bit 
set  to  "0"  in  all  response  frames.  A  secondary/combined  station 
will  respond  to  a  received  UP  which  has  the  P  bit  set  to  "0"  when 
(1)  it  has  an  I/UI  frame  (s)  to  send,  (2)  it  has  accepted  but  not 
acknowledged  an  I  frame  (s)  ,  (3)  it  has  experienced  an  exception 
condition  or  change  of  status  that  has  not  been  reported,  or  (4) 
it  has  a  status  to  be  reported  (e.g.,  DM,  FRMR,  or  optionally  an 
appropriate  frame  to  report  a  no  traffic  condition) . 


7.4.3  Unnumbered  Recovery;  Command 

The  unnumbered  recovery  command  is  used  to  facilitate 
level  exception  condition  recovery  protocol. 


the  link 


7.4.3. 1  Beset  (RSET)  Command 

The  BSET  command  is  transmitted  by  a  combined  station  to  reset 
the  receive  state  variable  (R)  and  applicable  FRMR  conditions  in 
the  addressed  combined  station.  No  information  field  is 
permitted  with  the  RSET  command. 

Upon  acceptance  of  this  command  the  station  receive  state 
variable  (R)  is  set  to  zero.  The  combined  station  confirms 
acceptance  of  BSET  by  transmission  of  the  UA  response  while 
remaining  in  the  previously  established  operational  mode.  If  the 
UA  is  received  correctly,  the  initiating  combined  station  resets 
its  send  state  variable  (S) .  Previously  transmitted  I  frames 
that  are  unacknowledged  when  this  command  is  actioned  remain 
unacknowledged. 

The  BSET  command  will  clear  all  frame  rejection  conditions  except 
for  an  invalid  N  (R)  condition  in  the  addressed  combined  station. 
The  RSET  command  may  be  sent  by  a  combined  station  which  detects 
an  invalid  N  (B)  instead  of  reporting  such  a  frame  rejection 
condition  via  a  FRMR  response. 


7. 4 . 4  Miscellaneous  Commands 


At  this  time 
command  group. 


there  is  only 
and  it  is  used 


one  command  in  the  miscellaneous 
to  provide  a  means  for  the  transfer 
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of  station  identification  and  status  information. 


7.4. 4.1  Exchange  Identification 


(X  ID)  Command 


The  XI D  command  is  used  to  cause  the  addressed  secondary/combined 
station  to  report  its  station  identification  and,  optionally,  to 
provide  the  station  identification  of  the  transmitting 
primary/combined  station  to  the  addressed  secondary/combined 
station.  An  information  field  is  optional  with  the  XID  command; 
if  present  the  information  field  will  be  the  station  ID  of  the 
primary/combined  station.  The  primary/combined  station  may  use 
the  global  address  if  the  unigue  address  of  the 
secondary/combined  station  is  not  known.  A  secondary/combined 
station  in  any  mode  receiving  an  XID  command  will  transmit  an  XID 
response  unless  (1)  a  UA  response  is  pending,  (2)  a  FRMR 
condition  exists,  (3)  a  RIM  condition  exists,  or  (4)  the  XID 
command  cannot  be  actioned  in  a  disconnected  mode. 


7.4.5  Nonreserved  Commands 


Four  nonreserved  command  code  points  are  set  aside  to  permit  the 
implementer  to  define  special  system-dependent  functions  that  do 
not  have  general  applicability.  Such  special  system-dependent 
functions  are  beyond  the  scope  of  this  standard. 


7. 5  Unnumbered  Format  Responses 

Unnumbered  format  responses  are  grouped  according  to  the  function 
performed : 

(1)  Responses  to  mode-setting  and  status  reguests: 

UA, DM, RIM 

(2)  Information  transfer  responses:  UI 

(3)  Recovery  responses:  FRMR 

(4)  Miscellaneous  responses:  XID,  RD 

(5)  Nonreserved  responses:  4  encodings 
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First.  Bit 

r~ 

i 


Transmitted 


Control 
2  3  4  5 


Field 

6 


B  it  s 

7 


8 


1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 


0  0  F  1  1 
1  1  F  0  0 
1  0  F  0  0 
0  0  F  0  0 
1  0  F  0  0 
1  1  F  1  0 
0  0  F  0  1 
0  1  F  0  0 
0  1  F  0  0 
0  1  F  0  1 
0  1  F  0  1 


0  UA  response 

0  DM  response 

0  RIM  response 

0  UI  response 

1  FRMR  response 

1  XID  response 

0  RD  response 

0  Nonreserved  response 

1  Nonreserved  response 

0  Nonreserved  response 

1  Nonreserved  response 


For  extended  control  field  format  see  5.2.2. 


See  6.1,  6.5.2,  and  8.2.1  for  description  of  the  F  bit  operation. 
7. 5. 2  Responses  to  Mode-Setting  and  Status  Requests 


The  UA,  DM,  and  RIM  responses  are  used  by  the  secondary/combined 
station  to  request  transmission  of,  or  to  respond  to,  the 
mode-setting  commands  of  the  primary/combined  station;  DM  and  RIM 
are  additionally  used  to  indicate  secondary/combined  station 
status. 


2.5.1.1  Unnumbered  Acknowledgement  (UA)  Response 

The  UA  response  is  used  to  acknowledge  the  receipt  and  acceptance 
Of  the  SNRM,  SARM,  SABM,  SNRME,  SARME,  SAEME,  SIM,  DISC,  and  RSET 
unnumbered  commands  defined  in  7.4.1  and  7.4.3.  The  UA  response 
is  transmitted  in  the  basic  or  the  extended  control  field  format 
as  directed  by  the  received  unnumbered  command.  No  information 
field  is  permitted  with  the  UA  response. 

A  UA  response  is  one  way  to  report  the  end  of  a  station  busy 

condition.  See  8.1.3. 

7.5. 1..2  Disconnected  Mode  (DM)  Response 

The  DM  response  is  used  to  report  that  the  secondary/combined 
station  is  in  the  logically  disconnected  state;  i.e.,  the 
secondary/combined  station  is,  by  system  definition,  in  NDM  or 

ADM.  See  6.3. 

The  DM  response  is  sent  by  a  secondary/combined  station  in  NDM  or 
ADM  to  reguest  the  remote  primary/combined  station  to  issue  a 
■ode-setting  command  or,  if  sent  in  response  to  the  reception  of 
a  aode-setting  command,  to  inform  the  remote  primary/combined 
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station  that  the  transmitting  secondary/combined  station  is  st 
in  NDM/ADM  and  cannot  action  the  mode-setting  command.  On 
switched  network  where  the  call  is  initiated  by 
secondary/combined  station,  DM  is  sent  to  request  a  mode-sett 
command.  On  a  nonswitched  line  a  secondary/corabined  station 
ADM  may  send  the  DM  response  at  any  respond  opportunity, 
information  field  is  permitted  with  the  DM  response. 


ill 

a 

a 

ing 

in 

No 


A  secondary/combined  station  in  NDM  or  ADM  will  monitor  received 
commands  (other  than  those  that  reset  the  disconnected  mode)  only 
to  detect  a  respond  opportunity  in  order  to  (re) transmit  DM  (or 
RIM  if  initialization  is  required);  i.e.,  no  I/UI  transmissions 
are  exchanged  until  the  disconnected  mode  is  reset  by  the 
acceptance  of  SNRM,  SARM,  SABM,  SNRME,  SARME,  SABME,  OR  SIM. 


See  Appendix  C,  Example  5.5. 


Mode  (RIM)  Response 


7.5.J.3  Request  Initialization 

The  RIM  response  is  used  to 
secondary/combined  station  which 
will  monitor  any  subsequently  re 
only  to  detect  a  respond  opport 
send  DM;  i.e.,  no  command  tran 
RIM  condition  is  reset  by  the 
field  is  permitted  with  the  RIM 


request  the  SIM  command.  A 
has  established  a  RIM  condition 
ceived  commands  (other  than  SIM) 
unity  to  (re) transmit  RIM  or  to 
smissions  are  accepted  until  the 
receipt  of  SIM.  No  information 
response. 


7. 5. 2  Unnumbered  Information  Transfer  Response 

The  unnumbered  information  transfer  response  is  used  to  exchange 
frames  containing  information. 

7.5. 2-1  Unnumbered  Information  (UI)  Response 

The  UI  response  is  used  to  transfer  an  information  field  to  a 
primary/combined  station  without  impacting  the  send  and  receive 
variables.  The  information  field  is  optionally  present  with  the 
UI  response.  Reception  of  the  UI  frame  is  not  sequence-number 
verified;  therefore,  the  frame  may  be  lost  if  a  link  exception 
condition  occurs  during  transmission  of  the  UI,  or  duplicated  if 
an  exception  occurs  during  any  reply  to  the  UI.  Examples  of  UI 
frame  information  are  higher  level  status,  operation 
interruption,  temporal  data,  and  link  initialization  parameters. 

7.  5.  3  Unnumbered  Recovery  Response 

The  unnumbered  recovery  response  is  used  to  facilitate  the 
link-level  exception  condition  recovery  protocol. 
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7.5. 3 .  J_  Frame  Reject  (FRMR)  Response 

The  FRMR  response  is  used  to  report  an  error  condition  that  is 
not  recoverable  by  retransmission  of  the  identical  frame,  such 
as : 


(1)  the  receipt  of  a  control  field  that  is  invalid  or  not 
i mplemen ted . 

(2)  the  receipt  of  an  I/UI  frame  with  an  information  field 
which  exceeded  the  maximum  established  length. 

(3)  the  receipt  of  an  invalid  N  (R)  number  from  the  remote 
primary/combined  station. 


NOTE:  An  invalid  N  (R)  is  defined  as  a  number  which 
frame  which  has  previously  been  transmitted  and  ac 
to  an  I  frame  which  has  not  been  transmitted  and  i 
sequential  I  frame  pending  transmission. 


points  to  an  I 
knowledged,  or 
s  not  the  next 


A  secondary/combined  station  in  a  disconnected  mode  ( NDM  or  ADM) 
will  not  establish  a  frame  reject  exception  condition. 


FRMR  Basic  Information  Field 


A  basic  information  field,  which  immediately  follows  the  basic 
control  field,  is  returned  with  this  response  to  provide  the 
reason  for  the  frame  reject  response.  The  format  for  the  basic 
information  field  is  as  follows: 


I  I 

I  I 

|  < - Basic  Information  Fields - >  | 

|  | - First  Bit  | 

| I  Transmitted  I 

|II * * V  I 

|  1  2  3  4  5  6  7  8  9  10  11  1  2  1  3  14  1  5  16  17  18  19  2  0 1 


| Rejected 

| Basic  Control  Field 


II  II  I  I 

|  0  |  N  (S)  |  C  ( R )  |  N  ( R )  |  W  X  Y  Z  | 


w  here : 

Rejected  Basic  Control  Field  is  the  control  field  of  the 
received  frame  which  caused  the  frame  reject  exception 
condition. 

N  (S)  is  the  current  send  variable  (S)  at  the  station 
transmitting  the  FRMR  response. 
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C</R  is  set  to 
response  frame 
the  FRMR  was  a 


"I"  if  the  frame  which  caused  the  FRMR  was  a 
or  is  set  to  "0"  if  the  frame  that  caused 
command  frame. 


N  (R)  is  the  current  receive  variable  (R) 
transmitting  the  FRMR  response. 


at  the  station 


W  set 
ret  ur 

X  set 
ret  ur 
the 
permi 
con  ju 


to  "I"  indicates  that  the  control  field  received  and 
ned  in  bits  1  through  8  was  invalid  or  not  implemented. 

to  1 ,j  indicates  that  the  control  field  received  and 
ned  in  bits  1  through  8  was  considered  invalid  because 
frame  contained  an  information  field  which  is  not 
tted  with  this  frame.  Bit  W  must  be  set  to  "1"  in 
notion  with  this  bit. 


Y  set  to  "1"  indicates  that  the  information  field  received 
exceeded  the  maximum  established  capacity  of  the 
secondary/combined  station. 


Z  set  to  ”1"  indicates  that  the  control  field  received  and 
returned  in  bits  1  through  8  contained  an  invalid  N  (R) 
number. 


If  required,  the  information  field  associated  with  the  FRMR  may 
be  padded  with  zero  bits  so  as  to  end  on  any  convenient,  mutually 
agreed  upon  character,  byte,  word  or  machine-dependent  boundary. 

FRMR  may  have  bits  W,  X,  Y,  and  Z  all  set  to  zero;  however  the 
cause  for  frame  reject  shall  be  as  defined  in  (1),  (2),  and  (3) 
above. 


See  also  8.4,  Frame  Reject  Exception  Condition. 
FRMR  Extended  Information  Field 


The  format  for  the  extended  information  field,  which  immediately 
follows  the  extended  control  field  (see  5.2.2),  and  which  is 
returned  with  the  FRMR  response,  is  as  follows: 


I 

! 

!< 


I 

(First  Bit  Transmitted 

!  A 

! 

1  16 


— - - Exte  nded 

Field 


17  18 


Information 

Bits 


24  25  26 


32  33 


I 

I 

>1 

I 

I 

I 

I 

I 


36 


I - ! 

(  Rejected  Extended  |  0  |  N  ( S)  |C/R|  N  ( R)  |  iXIZ  | 

|  Control  Field  II  II  II 

i _ i 
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7. 5. 4  Miscellaneous  Respon ses 

7.5. 4. 1  Exchange  Identification  (X ID)  Response 

The  XID  response  is  used  to  reply  to  an  XID  command.  An 
information  field  containing  the  identification  of  the 
transmitting  secondary/combined  station  is  optionally  present 
with  the  XID  response.  A  secondary/combined  station  receiving  an 
XID  command  will  action  the  XID  in  any  mode  unless  (1)  a  UA  is 
pending,  (2)  a  FRMR  condition  exists,  (3)  a  RIM  condition  exists, 
or  (4)  the  XID  can  not  be  actioned  in  a  disconnected  mode. 

On  switched  networks  when  the  secondary/combined  station  is 
constrained  to  send  first,  it  may  use  the  XID  response,  which  may 
contain  an  optional  information  field,  to  reguest  an  XID 
exchange.  See  Section  10,  Switched  Network  Conventions. 

7.5. 4.2  Request  Disconnect  (RD)  Response 


The  RD  response  is  used  to  indicate  to  the  remote 
primary/combined  station  that  the  transmitting  secondary/combined 
station  is  requesting  that  it  be  placed  in  a  logically 
disconnected  mode  (NDM  or  ADM)  by  the  receipt  of  a  DISC  command. 
RD  may  be  sent  asynchronously  if  the  secondary /combined  station 
is  in  ARM/ABM,  or  if  it  is  in  NRM  as  a  response  to  any  command 
with  the  P  bit  set  to  "1"  or  in  response  to  a  UP  command  with  the 
P  bit  set  to  "0".  See  7. 4. 2. 2.  A  secondary/combined  station 
which  has  sent  an  RD  response  and  receives  any  non-DISC  frame  (s) 
must  accept  the  command  frame  (s)  if  it  is  able  to  do  so.  If  the 
secondary/combined  station  accepts  the  non-DISC  command  frame(s), 
it  follows  the  normal  ADCCP  elements  of  procedures  to  respond  to 
the  primary/combined  station  commands.  Secondary/combined 
station  acceptance  of  non-DISC  frames  after  having  issued  an  RD 
response  cancels  the  RD  response.  If  the  secondary/combined 
station  still  wants  to  be  placed  in  disconnected  mode  (NDM  or 
ADM) ,  it  must  reissue  the  RD  response.  A  secondary/combined 
station  which  cannot  accept  non-DISC  command  frames  due  to 
internal  problems  may  respond  with  RD  again.  No  information 
field  is  permitted  with  the  RD  response. 


7.5.5  Non reserved  Responses 


Four  nonreserved  response  code  points  are  set  aside  to  permit  the 
implementer  to  define  special  system-dependent  functions  that  do 
not  have  general  applicability.  Such  special  system-dependent 
functions  are  beyond  the  scope  of  this  standard. 


8.  EXCEPTION  CONDITION  REPORTING  AND  RECOVERY 

This  section  specifies  the  procedures  to  be  observed  to  effect 
recovery  following  the  detection  or  occurrence  of  an  exception 
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condition  at  the  link  level.  Exception  conditions  described  are 
those  situations  that  may  occur  as  the  result  of  transmission 
errors,  station  malf unc tion,  or  operational  situations. 


8.1  Busy  Condition 

A  busy  condition  occurs  vh 
or  continue  to  receive 
constraints;  e.g.f  when  a 
limitations.  The  busy  con 
of  an  RNR  frame  with  the  N 
expected.  Traffic  pending 
be  transmitted  prior  to 
existence  of  a  busy  condit 
of  RNR  at  each  P/F  frame 
Condition. 


en  a  station  temporarily  can 
I  or  UI  frames  due  t 
station  cannot  receive  due  t 
dition  is  reported  by  the  t 
(R)  number  of  the  next  I  fr 
transmission  at  the  busy 
or  following  the  RNR.  The 
ion  must  be  reported  by  ret 
exchange.  See  3.1.3,  Cle 


not  receive 
o  internal 
o  buffering 
ransmission 
ame  that  is 
station  may 
cont in  ued 
ransmission 
aring  Busy 


8.1.1  Secqndary/Cqmbined  Station  Receipt  of  RNn  Command 

A  secondary  station  transmitting  TSS  in  NRM  will  upon  receipt  of 
an  RNR  command  cease  transmission  at  the  earliest  possible  time. 
The  frame  in  process  may  be  completed  or  aborted;  however, 
transmission  must  be  terminated  with  the  F  bit  set  to  "I”  (see 
Example  5.2.1,  Appendix  C) .  The  secondary  station  may  resume 
transmission  of  I  or  01  frames,  or  both,  at  the  next  poll  command 
(an  RR,  REJ,  SREJ,  or  I  command  frame  with  the  ?  bit  set  to  "1"). 


A  secondary/combined  station  tra 
upon  receipt  of  an  RNR,  cease  transmitting 
earliest  possible  time  by  compl 
process.  If  the  RNR  command  frame 
set  to  "I”  the  secondary/combined 
with  the  F  bit  set  to  "1".  See 
Appendix  C.  The  secondary/combined  station 
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5.  4 

.  1 

an 

ARM/ABM  will, 
frames  at  the 
frame  in 
the  P  bit 
it  a  frame 
5.4.3  in 
must  perform  a 


time-out  operation  before  resuming  asynchronous  transmission  of  I 
or  (JI  frames  unless  the  busy  condition  is  reported  as  cleared  by 
the  remote  station. 


3.1.2  Primary/Combined  Station  Receipt  of  RNR  Response 

Primary/combined  station  receipt  of -an  RNR  response  indicates 
that  the  transmitting  secondary/combined  station  has  a  busy- 
condition. 


8.1.3  Clearing  Busy  Condition 

The  busy  condition  is  cleared  at  the  station 
the  RNR  when  the  internal  constraint  ceases. 


which  transmitted 


Clearance  of  the  busy  condition  is  reported  to  the  remote  station 
by  transmission  of  an  RR,  REJ,  SREJ,  SARM,  SARME,  S NRM ,  SNRME , 
SABM,  SABME,  or  UA  frame  (with  or  without  the  P/F  bit  set  to 
"1") .  A  busy  condition  is  also  cleared  when  a  primary  station 
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transmits  an  I  frame  with  the  P  bit 
secondary/combined  station  transmits  an 
set  to  "1". 


set  to  "I",  or  when  a 
I  frame  with  the  F  bit 


8. 2  N  (S) 


Sequence  Error 


An  N  (S)  sequence  exception  is  establi 
station  when  an  I  frame  that  is  recei 
error)  contains  an  N (S)  sequence  number 
receive  variable  (E)  at  the  receivinq 
station  does  not  acknowledge  (does  not 
variable  (R) )  the  frame  causing  the  se 
frames  which  may  follow,  until  an  I  fram 
number  is  received.  Unless  SREJ  is  to  b 
given  sequence  error,  the  information 
received  whose  N (S)  does  not  equal  the  r 
be  discarded.  See  8.2.3  for  SREJ  recover 
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The  means  specified  in  8.2.1  through  8.2.4 
initiating  the  retransmission  of  lost  or 
following  the  occurrence  of  a  sequence  error. 
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errored  I  frames 


8. 2. 1  Checkpoint  Recovery 
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on  a  checkpoint  cycle.  For  a 
checkpoint  cycle  begins  with  the 
a  P  bit  set  to  "I”  and  ends  either 
me  with  an  F  bit  set  to  ."I"  or  (2) 
res.  For  a  secondary  station,  a 
the  transmission  of  a  frame  with 
with  the  receipt  of  a  frame  with  a 


on  receives  a.  frame  with  the  F  bit 
station  receives  a  frame  with  the 
will  initiate  retransmission  of  all 
equence  numbers  less  than  the  send 
ast  frame  with  the  P  bit  set  to  " 1 " 
th  the  F  bit  set  to  "1"  (secondary) 
on  starts  with  the  lowest  numbered 
mes  are  retransmitted  sequentially. 
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New  frames  may  be  transmitted  if  they  become  available.  Such 
retransmission  of  I  frames  is  known  as  checkpoint  retransmission. 

Note  that  in  balanced  operation  either  combined  station  may 
initiate  a  checkpointing  cycle  independently  of  the  other  by  the 
transmission  of  a  frame  with  the  P  bit  set  to  "1".  Therefore, 
since  two  independent  checkpointing  cycles  may  be  in  process 
simultaneously,  a  combined  station  will  not  initiate  checkpoint 
retransmission  upon  the  receipt  of  a  frame  with  the  P  bit  set  to 

ii  i  ii . 

To  prevent  duplicate  retr ansmissions,  checkpoint  retransmission 
of  a  specific  I  frame  (same  N (R)  in  the  same  numbering  cycle)  is 
inhibited  for  the  current  checkpoint  cycle  if  during  the 
checkpoint  cycle: 

(1)  A  primary  station  has  previously  received  and  actioned 
a  REJ  with  the  F  bit  set  to  "0". 


(2)  A  secondary  station  has  previously  received 
actioned  a  REJ  with  the  P  bit  set  to  "0”. 


and 


(3)  A  combined  station  has  previously  received  and  actioned 
a  REJ  with  the  P  bit  set  to  "0"  or  "1"  or  an  F  bit  set 
to  "0". 


If  an  SREJ  with  a  P/F  bit  set  to 
retransmission  is  not  initiated. 


i»  1  ii  ig  received,  checkpoint 


Checkpoint  retransmission  is  also  inhibited  if  an  unnumbered 
format  frame  with  the  P/F  bit  set  to  "1"  is  received  because  in 
such  a  case  there  is  no  N(R)  for  checkpoint  reference. 

Finally  checkpoint  retransmission  is  inhibited  if,  after  sending 
a  frame  with  the  P/F  bit  set  to  “I",  a  station  receives  an 
acknowledgement  to  that  frame  before  the  next  checkpoint  occurs. 

8.2.2  REJ  Recovery 

The  REJ  command/response  is  primarily  used  to  initiate  an 
exception  recovery  (retransmission)  following  the  detection  of  a 
sequence  error  earlier  than  is  possible  by  checkpoint  recovery; 
e.g. ,  in  two-way  simultaneous  information  transfer  if  REJ  is 
immediately  transmitted  upon  detection  of  a  sequence  error  it  is 
not  necessary  to  wait  for  a  frame  with  P/F  bit  set  to  "1". 

Only  one  "sent  REJ"  exception  condition,  from  a  given  station  to 
another  given  station,  is  established  at  a  time.  A  "sent  REJ" 
exception  is  cleared  when  the  requested  I  frame  is  received,  when 
a  time-out  function  expires,  or  when  a  checkpoint  cycle  that  was 
initiated  concurrent  with  or  following  the  transmission  of  REJ  is 
completed.  When  the  station  perceives  by  time-out  or  by  the 
checkpointing  mechanism  that  the  requested  I  frame  will  not  be 
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received,  because  either  the  requested  I  frame  or  the  REJ  was  in 
error  or  lost,  the  REJ  may  be  repeated. 

A  station  receiving  REJ  initiates  sequential  (re) transmission  of 
I  frames  starting  with  the  I  frame  indicated  by  the  N (R) 
contained  in  the  REJ  frame. 

If  (1)  retransmission  beginning  with  a  particular  frame  occurs 
due  to  checkpointing  (see  6.5.2  and  8.2.1),  and  (2)  a  REJ  is 
received  before  a  checkpoint  cycle  completion  which  would  also 
start  retransmission  with  the  same  particular  frame  (as 
identified  by  the  N  (R)  in  the  REJ),  the  retransmission  resulting 
from  the  REJ  shall  be  inhibited. 

8.2.3  SREJ  Recovery 

The  SREJ  command/response  is  primarily  used  to  initiate  more 
efficient  error  recovery  by  requesting  the  retransmission  of  only 
a  single  I  frame  following  the  detection  of  a  sequence  error 
rather  than  the  retransmission  of  the  I  frame  requested  plus  all 
additional  I  frames  which  may  have  been  subsequently  transmitted. 

NOTE:  To  improve  transmission  efficiency  it  is  recommended  that 
the  SREJ  command/response  be  transmitted  as  the  result  of  the 
detection  of  a  sequence  error  where  only  a  single  I  frame  is 
missing,  as  determined  by  receipt  of  the  out-of-sequence  N  (S) . 

When  an  I  frame  sequence  error  is  detected,  the  SREJ  is 
transmitted  at  the  earliest  possible  time.  When  a  station  sends 
an  SREJ  with  the  P  bit  set  to  "0"  (primary  station) ,  with  the  F 
bit  set  to  " 0"  (secondary/combined  station) ,  or  with  the  P  bit 
set  to  "0"  or  "1"  (combined  station)  ,  and  the  "sent  SREJ" 
condition  is  not  cleared  when  the  station  is  ready  to  issue  the 
next  frame  with  the  P  bit  (primary)  or  the  F  bit 
(secondary/combined)  set  to  "1",  the  station  sends  an  SREJ  with 
the  same  N  (R)  as  the  original  SREJ  with  the  P/F  bit  set  to  "1". 

Since  a  frame  sent  with  the  P  bit  (primary  station)  or  the  F  bit 
(secondary/combined  station)  set  to  "1"  has  the  potential  of 
causing  checkpoint  retransmission,  a  station  will  not  send  an 
SREJ  with  the  same  N (R)  (same  value  and  same  numbering  cycle)  as 
that  of  the  previously  sent  frame  with  the  P  bit  (primary 
station)  or  the  F  bit  (secondary/combined  station)  set  to  "1" 
until  the  current  checkpoint  cycle  ends. 

Only  one  "sent  SREJ"  exception  condition  from  a  given  station  to 
another  given  station  is  established  at  a  time.  A  "sent  SREJ" 
exception  condition  is  cleared  when  the  requested  I  frame  is 
received,  when  time-out  function  expires,  or  when  a  checkpoint 
cycle  that  was  initiated  concurrent  with  or  following  the 
transmission  of  SREJ  is  completed.  When  the  station  perceives  by 
time-out  or  by  the  checkpointing  mechanism  that  the  requested  I 
frame  will  not  be  received,  because  either  the  requested  I  frame 
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or  the  SREJ  was  in  error  or  lost,  the  SREJ  may  be  repeated. 

When  a  station  receives  and  actions  an  SREJ  with  the  P  bit 
(secondary  station)  or  F  bit  (primary/combined  station)  set  to 
••0"  or  with  the  P  bit  set  to  "0"  or  "1"  (combined  station),  it 
will  inhibit  the  actioning  of  the  next  SREJ  if  the  SREJ  has  the  P 
bit  (secondary  station)  or  F  bit  (primary/combined  station)  set 
to  "1"  and  has  the  same  N  (R)  (i.e.,  has  the  same  value  and  same 
numbering  cycle)  as  the  original  SREJ. 

8.2.4  Time-Out  Recovery 

In  the  event  a  receiving  station,  due  to  a  transmission  error, 
does  not  receive  (or  receives  and  discards)  a  single  I  frame  or 
the  last  I  frame  (s)  in  a  sequence  of  I  frames,  it  will  not  detect 
an  out-of-seguence  exception  and,  therefore,  will  not  transmit 
SREJ/REJ.  The  station  which  transmitted  the  unacknowledged  I 
frame  (s)  shall,  following  the  completion  of  a  system-specified 
time-out  period,  take  appropriate  recovery  action  to  determine 
the  sequence  number  at  which  retransmission  must  begin. 


NOTE:  It  is  recommended  that  a  station  which 

waiting  for  a  response  not  retransmit  all  unackno 
immediately.  A  secondary  station  in  ARM  should,  in 
case,  either  retransmit  its  last  single  frame  or 
frames  if  they  are  available.  A  primary/combine 
enquire  about  status  with  a  supervisory  frame. 


has  timed 
wledged  fra 
this  time- 
tra  nsmi t 
d  station 


out 

mes 

out 

new 

may 


To  account  for  possible 
receiving  station  should 
receives  an  I  frame  with 
variable  (R)  . 


retransmissions  after  time-out,  a 
not  set  a  SREJ  condition  when  it 
an  N  (S)  one  less  than  its  receive 


If  a  station 
time-out,  it 
with  an  N  (R) 


does  retransmit  all  unacknowledged  I  frames  after  a 
must  be  prepared  to  receive  a  subsequent  REJ  frame 
greater  than  its  send  variable  (S) . 


8. 3  FCS  Error 

Any  frame  with  an  FCS  error  will  not  be  accepted  by  the  receiving 
station  and  will  be  discarded.  At  the  secondary/combined  station 
no  action  will  be  taken  as  the  result  of  that  frame. 


8. 4  Frame  Reject  Exception  Condition 

A  frame  reject  exception  condition  is  established  upon  the 
receipt  of  an  error-free  frame  which  contains  an  invalid  or 
unimplemented  control  field,  an  invalid  N  (R) ,  or  an  information 
field  which  has  exceeded  the  maximum  established  storage 
capability . 


If  a  frame  reject  exception  condition  occurs  in  a 
station,  or  is  reported  to  the  primary  station  by 


primary 
a  FRMR 
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response,  recovery  action  will  be  taken  by  the  primary  station. 
This  recovery  action  includes  the  transmission  of  an  implemented 
set  mode  command.  Higher  level  functions  may  also  be  included  in 
the  recovery. 


At  the  secondary  station  this  exception  condition  is  reported  by 
transmitting  a  FRMR  response  to  the  primary  station  for 
appropriate  action.  Once  a  secondary  station  has  established  a 
FRMR  exception,  any  additional  commands  (other  than  those  that 
reset  the  FRMR  exception  condition)  subsequently  received  are 
examined  only  with  regard  to  the  state  of  the  N(R)  and  the  P  bit; 
i.e.,  only  to  update  the  acknowledgement  of  I  frames  previously 
transmitted  and  to  detect  a  respond  opportunity  to  retransmit 
FRMR.  No  additional  transmissions  are  accepted  or  actioned  until 
the  condition  is  reset  by  the  receipt  of  an  implemented 
mode-setting  command. 


If  a  frame  reject 
station,  the  station 


exception  condition 
will  either: 


occurs  in 


a  combined 


(1) 


Take  recovery  action  without  reporting  the  condition  to 
the  remote  combined  station,  or 


(2)  Report  the  condition  to  the  remote  combined  station 
with  a  FRMR  response.  The  remote  station  will  then  be 
expected  to  take  recovery  action;  if,  after  waiting  an 
appropriate  time,  no  recovery  action  appears  to  have 
been  taken,  the  combined  station  reporting  the  frame 
reject  exception  condition  may  take  recovery  action. 

Recovery  action  for  balanced  operation  includes  the  transmission 
of  an  implemented  mode-setting  or  RSET  command,  as  appropriate. 
Higher  level  functions  may  also  be  involved  in  the  recovery. 

8.5  Mode-Setting  Contention 

A  mode-setting  contention  situation  exists  when  a  combined 
station  issues  a  mode-setting  command  and,  before  receiving  an 
appropriate  response  (UA  or  DM) ,  receives  a  mode-setting  command 
from  the  remote  combined  station.  Contention  situations  shall  be 
resolved  in  the  following  manner  (see  Appendix  C,  Example  8.5): 


(1)  When  the  send  and  receive  mode-setting  commands  are  the 

same,  each  combined  station  shall  send  an  UA  response 
at  the  earliest  respond  opportunity.  Each  combined 
station  shall  either  enter  the  indicated  mode 

immediately  or  defer  entering  the  indicated  mode  until 
receiving  an  UA  response.  In  the  latter  case,  if  the 
UA  response  is  not  received,  (a)  the  mode  may  be 
entered  when  the  response  timer  expires,  or  (b)  the 
mode-setting  command  may  be  reissued. 

(2)  When  the  mode-setting  commands  are  different,  each 
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combined  station  shall  enter  A 
response  at  the  earliest  respond 
case  of  DISC  contention  with  a  d 
command  no  further  action  is  requ 
contention  between  SABM  and  S 
combined  station  sending  SABME  sh 
attempting  link  establishment  afte 


DM  and  issue  a  DM 
opportunity.  In  the 
ifferent  mode-setting 
ired.  In  the  case  of 
ABME  commands,  the 
all  have  priority  in 
r  the  DM  responses. 


9.  TIME-OUT  FUNCTIONS 

Time-out  functions  are  used  to  detect  that  a  required  or  expected 
acknowledging  action  or  response  to  a  previously  transmitted 
frame  has  not  been  received.  Expiration  of  the  time-out  function 
shall  initiate  appropriate  action,  e. g. ,  error  recovery  or 
reissuance  of  the  P-bit.  The  duration  of  time-out  functions  is 
system  dependent  and  subject  to  bilateral  agreement. 

The  time-out  functions  specified  in  9.1  and  9.2  represent  the 
minimum  requirements  and  do  not  preclude  other  time-out 
functions. 

9.1  Normal  Respond  Opportunity 

The  primary  station  transmitting  a  command  with  the  P  bit  set  to 
" 1 "  or  UP  with  the  P  bit  set  to  "0",  anticipates  a  response  and, 
therefore,  starts  a  time-out  function.  The  time-out  function 
shall  automatically  cease  upon  receipt  of  the  expected  response. 

9. 2  Asynchronous  Respond  Opportunity 

The  primary/combined  station  provides  a  time-out  function  to 
determine  that  a  response  frame  with  F  bit  set  to  "1"  to  a 
command  frame  with  the  P  bit  set  to  "I”  has  not  been  received. 
The  time-out  function  shall  automatically  cease  upon  receipt  of  a 
valid  frame  with  the  F  bit  set  to  "1". 

A  primary/combined  station  which  has  no  P  bit  outstanding,  and 
which  has  transmitted  one  or  more  frames  for  which  responses  are 
anticipated,  must  start  a  time-out  function  to  detect  the 
no-response  condition. 

The  secondary/combined  station  shall  provide  a  time-out  function 
to  determine  that  a  command  frame  has  not  been  received 
acknowledging  the  receipt  of  an  unsolicited  response  frame  (s). 

See  6.2.2  and  8.2.4. 


10.  SWITCHED  NETWORK  CONVENTIONS 

Stations  connected  to  a  switched  communications  network  may  be 
capable  of  operation  as  one  type  of  station  only  (e.g.,  a  primary 
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station, 
station 
these  t 
known  at 
accor din 

(1) 

(2) 


a  secondary  station,  or  a  combined  station) ;  or  the 
may  be  configurable  as  (one  at  a  time)  more  than  one  of 
ypes.  The  capabilities  of  the  called  station  must  be 
the  calling  station  and  the  calling  station  must  operate 
gly.  If  the  called  station  is  configurable  it  will: 

Implement  the  XID  command  and  response,  and 

Determine  which  station  type  (primary,  secondary,  or 
combined)  to  invoke  by  recognition  of  either  the  remote 
station  address  or  identification  (XID). 


The  calling  or  called  s 
interchange  first  depend 
transmission  network.  Whe 
single  unsolicited  superv 
When  initiated  by  the  pri 
command  with  an  appropriat 


tation  will  initate  the  transmission 
ing  on  the  characteristics  of  the 
n  initiated  by  the  secondary  station  a 
isory  or  unnumbered  response  is  sent, 
mary/combined  station,  any  appropriate 
e  address  is  sent.  See  Figure  10-1. 
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P 

S 

C 

P/S/C 

NA 


Primary  station 
Secondary  station 
Combined  station 

Primary  or  secondary  or  combined  station,  or  all  three 
Not  applicable 


Figure  10-1 


Assumed  Primary/Secondary/Combined  Roles  on  Switched  Network 


11-  CLASSES  OF  PROCEDURES 


All  classes  of  procedures  use  the  two  frame  formats  defined  in 
Section  3,  Frame  Structure.  In  addition,  all  procedures  assume 
that  the  links  include  primary  and  secondary  stations  or  combined 
stations.  Primary  stations  transmit  commands  (in  frames  with  or 
without  information),  and  secondary  stations  receive  the  command 
frames  and  transmit  responses  (in  frames  with  or  without 
information).  Combined  stations  transmit  and  receive  commands 
and  responses  (in  frames  with  or  without  information) .  The 
primary/combined  station  is  responsible  for  determining  which 
commands  to  send,  within  the  constraints  of  this  standard. 
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Procedure  differences  based  on  overall  system  consideration 
(e.g.,  network  configuration,  traffic  management,  etc.)  are 
accommodated  by  defining  three  modes  of  operation 
asynchronous,  normal,  and  balanced--  and  by  defining  three 
classes  of  procedures  +  hat  utilize  the  capabilities  of  these 
modes  together  with  the  exception  recovery  characteri sties 
specified  within  this  standard.  Optional  functions  are  defined 
to  provide  additional  capabilities.  Individual  classes  implement 
a  prescribed  subset  of  the  commands  and  responses  defined  in 
Section  7,  and  include  P/F  recovery  as  a  minimum  capability  as 
defined  in  6.1,  6.5.2,  and  8.2.1. 

11.1  Classes  of  Procedures 


The  three  classes  of  procedures  are  composed  of: 

(1)  Three  types  of  stations:  primary  stations,  secondary 
stations,  and  combined  stations 

(2)  Two  types  of  configurations:  unbalanced  (for  primary 
and  secondary  stations)  and  balanced  (for  combined 
stations) 

(3)  Two  types  of  respond  opportunity:  normal  and 

asynchronous 


Designation 

DA 

UN 

BA 


Class  of  Procedures  Description 

Unbalanced,  asynchronous  response  mode,  modulo  8 
Unbalanced,  normal  response  mode,  modulo  8 
Balanced,  asynchronous  balanced  mode,  modulo  8 


Classes  UA  and  UN  can  be  used  on  either  unbalanced  or  symmetric 
configurations.  Class  BA  can  be  used  on  balanced  configurations. 
See  2.2. 
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11»  1-1  llik<|lanced/S2IIl£*e t ric  Configuration 

Basic  Repertoire  of  Commands  and  Responses 
Commands  R esp onses 

T  T 


RR 

RR 

RNR 

RN  R 

FR  MR 

*SXXM 

UA 

DISC 

DM 

*S  XXM  command  is  SARM 

for  U  A 

cl  ass 

S  NR  M 

for  UN 

class 

11.1.2  Balanced  Configuration 

Basic  Repertoire  of  Commands  and  Responses 
Commands  Responses 


T 

I 

RR 

RR 

RNR 

RNR 

FR  MR 

S  ABM 

UA 

DISC 

DM 

R  SET 

H.2  Optional  Functions 


Optional  functions  are  achieved  by  the 
commands,  responses,  or  capabilities  to 
any  basic  class  of  procedures. 


addition  or  deletion  of 
or  from  those  present  in 


Option  Functional  Description  Peg ui red  Change 


1 

Provides  the  ability  to: 

(a)  exchange  identification  of 

Add 

command:  XID 

stations.  See 

Add 

response:  XID 

7.4. 4.1  and  7.5.4. 1. 

(b)  request  logical 

Add 

response:  RD 

2 

disconnect  ion. 

See  7 . 5. 4 . 2 . 

Provides  the  capability  for 

Add 

command:  REJ 

more  timely  reporting  of 

Add 

response:  REJ 

N  (S)  sequence  errors  to 
improve  TWS  performance. 

See  7.2.3. 
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3 

Provides  the  capability  for 
more  efficient  recovery  from 

N  (S)  sequence  errors  by 
requesting  retransmission  of 
a  single  I  frame.  See 

7.2.4. 

Add  command:  SREJ 

Add  response:  SREJ 

4 

Provides  the  ability  to 
exchange  information  fields 
without  impacting  the  send  and 
receive  variables.  See 

7.4. 2.  1  and  7. 5.2. 1 . 

Add  command:  UI 

Add  response:  UI 

5 

Provides  the  ability 
to  initialize  remote 
stations  and  the  ability  to 
request  initialization. 

See  7.4. 1.7  and  7. 5. 1.3. 

Add  command:  SIM 

Add  response:  RIM 

6 

Provides  the  ability  to 
perform  unnumbered  group 
polling  as  well  as 
unnumbered  individual  polling. 

See  7. 4. 2. 2. 

Add  command:  UP 

7 

Provides  for  greater  than 
single  octet  addressing. 

See  4.3. 

Use  extended  addressing 
format  in  lieu  of  basic 
addressing  format. 

8 

Limits  the  procedure  to 
allow  I  frames  to  be  commands 
only. 

Delete  response:  I 

9 

Limits  the  procedure  to 

allow  I  frames  to  be  responses 

only. 

Delete  command:  I 

10 

Provides  the  ability  to 
use  extended  sequence 
numbering  (modulo  128). 

See  5.2.2. 

Use  extended  control  field 
format  in  lieu  of  basic 
control  field  format.  Use 
S XX ME  in  lieu  of  SXXM. 

11 

Removes  the  ability  to  reset 
the  send  and  receive  variables 
associated  with  only  one 
direction  of  information  flow. 

Delete  command:  R SET 

21-3  Consistency  of  Classes  of  Procedures 

Figure  11-1  gives  a  summary  of  the  basic  command/response 
repertoire  of  the  one  balanced  and  two  unbalanced  classes  of 
procedures,  and  the  commands/responses  of  the  optional  functions. 

In  the  unbalanced  classes  the  primary  station  command  repertoire 

65 


AMERICAN  NATIONAL  STANDARD  X3. 66-1979 


is  listed  on  the  left  side  of  each  class  and  the  secondary 
station  response  repertoire  is  listed  on  the  right  side.  As  seen 
in  the  figure,  the  basic  repertoire  of  all  classes  of  procedures 
is  identical  with  the  exception  of  a  unigue  mode-setting  command 
for  each  class  and  the  R SET  command,  which  is  used  in  the 
balanced  class  only.  This  repertoire  consistency  facilitates  the 
inclusion  of  multiple  classes  of  procedures  in  a  station  that  is 
configurable. 

21 .4  I mplementat ion  of  Classes  of  Procedure 

A  station  conforms  to  a  given  class  of  procedures  if  it 
implements  the  basic  repertoire  of  that  class.  To  implement  (see 
Appendix  A  definition)  a  class  of  procedures  (or  optional 
functions)  means  that: 


(1)  A  primary  station  has  the  ability 
responses  in  the  class  of  procedures 
(or  optional  functions) . 


to  receive  all 
basic  repertoire 


(2)  A  secondary  station  has  the  ability 
commands  in  the  class  of  procedures 
(or  optional  functions) . 

(3)  A  combined  station  has  the  ability 
commands  and  responses  in  the  class  of 
repertoire  (or  optional  functions)  . 


to  receive  all 
basic  repertoire 


to  receive  all 
procedures  basic 


11.5  Method  of  Indicating  Classes  and  Optional  Functions 

Classes  of  procedures  and  the  optional  functions  are  indicated  by 
specifying  the  mnemonic  designation  for  the  desired  class  and  the 
number  (s)  of  the  accompanying  optional  functions. 

Class  ON, 1,2, 6  is  the  unbalanced,  normal  response  mode  class  of 
procedures  with  the  optional  functions  for  identification  and 
request  disconnect  (XID,RD) ,  improved  TiS  performance  (REJ) ,  and 
unnumbered  polling  (UP)  . 

Class  BA, 2, 3, 10  is  the  balanced,  asynchronous  balanced  mode  class 
of  procedures  with  the  optional  functions  for  improved  TWS 
performance  (REJ) ,  single  frame  retransmission  (SREJ) ,  and 
extended  sequence  numbering  (modulo  128) . 


Class  UA,1,5  is  the  unbalanced, 
of  procedures  with  the  optional 


asynchronous  response  mode  class 
functions  for  identification  and 


request  disconnect  (XID,RD)  and  initialization  (SIM, RIM) . 
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SXXM. 


->l 


For  Mode  Reset  Only 
|  1 1  .  RSET  < - Delete 


I 

|  6.  UP  < 


|  < - -■ 


I 
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Figure  11-1 

Basic  Classes  of  Procedures  and  Their  Optional  Functions 
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12.  FRAME  CHECK  SEQUENCE  (ECS)  GENERATION  AND  CHECKING 

This  section  specifies  the  FCS  generation  and  checking 
requirement s.  These  requirements  are  formulated  to  detect  frame 
length  changes  due  to  erroneous  addition  or  deletion  of  zero  bits 
at  the  end  of  the  frame  as  well  as  to  detect  errors  introduced 
within  +-he  frame. 


12. 1  FCS  Generation 

The  equations  for  FCS  generation  are: 

x*  6  S  (X)k  +  X  L  (X)  B(X) 

P(X)  1  P  (X) 


FCS  =  L  (X)  +  R  (X)  =  R  (X) 

The  arithmetic  is  modulo  2 


L  (X)  =  X»5  +  Xi*  +  X13  +  Xi2  +  XU  +  X»°  +  X*  +  X8  +  X7 
*  X6  +  X5  +  X*  +  X3  +  X2  +  X1  +  1 

R  ( X)  =  The  remainder  which  is  of  degree  less  than  16 
k  =  The  number  of  bits  represented  by  G(X) 

P (X)  =  The  CC ITT  V.41  generator  polynomial  (X16  +  X12  +  Xs  +  1) 

G (X)  =  The  message  polynomial,  which  includes  the  contents  of  the 
address,  control,  and  information  fields,  excluding  the  zero  bits 
inserted  for  transparency  (see  3.7). 

The  generation  of  the  remainder  R(X)  differs  from  that  used  in 
conventional  check  sequence  generation  by  the  presence  of  the  Xk 
L (X)  term  in  the  generation  equation.  When  the  FCS  generation  is 
by  the  usual  shift  register  technique,  the  XkL(X)  term  is  added 
in  either  of  two  ways: 

(1)  Preset  the  shift  register  to  all  ones  rather  than  to 
all  zeros  as  in  conventional  generation  procedures. 
Otherwise,  shift  the  data  G (X)  through  the  register  as 
in  conventional  procedures,  or, 

(2)  Invert  the  first  16  bits  of  G(X)  before  shifting  into 
the  register  and  shift  the  remaining  part  of  G ( X ) 
through  the  register  uninverted.  This  requires  that 
G  (X)  contain  at  least  16  bits. 

Whether  1  or  2  is  used,  the  shift  register  contents,  after 
shifting  through  G  (X) ,  is  R (X)  .  These  contents  are  inverted 
bit-by-bit  and  transmitted  as  the  FCS  sequence. 

The  transmitted  sequence  is  always  (in  algebraic  notation) : 

M  (X)  =  X“  G(X)  +  FCS 
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12-2  FCS  Checking 


The  received  sequence  will  be  denoted  M*  (X)  and  may  differ  from 
the  transmitted  sequence  M  (X)  if  transmission  errors  are 
introduced.  The  checking  process  always  involves  dividing  the 
received  sequence  by  P  ( X )  and  testing  the  remainder.  Direct 
division,  however,  does  not  yield  a  unique  remainder  and  it  is 
expected  that  in  most  cases  the  received  sequence  will  be 
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first  16  received  bits  of  M*  (X)  before  shifting  them  through  the 
checking  register  or  by  presetting  the  register  to  all  "Vs  and 
shifting  all  of  M*  (X)  through  normally.  Thus  the  receiver  action 
on  the  leading  portion  of  a  frame  is  the  same  with  either 
Equation  1  or  2. 


term  (Xk  tl)L(X)  of 


The  +1  of  the 
inverting  the  FCS. 

FCS  function  at  the 
known  until  the  closing  flag 


Equation  2  is  added  by 
This  implies  a  16  bit  storage  delay  by  the 
receiver  since  the  location  of  the  FCS  is  not 
is  received. 
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Standard  for  Advanced  Data  Communication  Control  Procedures 
(ADCCP) ,  ANSI  X3.  66-1979,  but  are  included  for  information 
purposes  only .  ) 


APPENDIX  A  -  GLOSSARY 


Abort:  A  function  invoked  by  a  sending  station  causing  the 
recipient  to  discard  (and  ignore)  all  bit  sequences  transmitted 
by  the  sender  since  the  preceding  flag  sequence. 

Accept :  The  condition  assumed  by  a  station  upon  accepting  a 
correctly  received  frame  for  processing.  A  station  "accepts"  a 
command/response  when  the  command/response  encoded  in  the  control 
field  of  the  received  frame  is  actioned. 

Acknowledge:  A  station  "acknowledges"  a  received  frame  when  it 
transmits  an  appropriate  frame(s)  indicating  the  received  frame 
has  been  actioned. 

Action:  A  station  "actions"  a  received  command/response  when  it 
performs  (or  executes)  the  functions  encoded  in  the  control  field 
of  the  frame. 

ADCCP :  Advanced  Data  Communication  Control  Procedures. 


Address  field  (A) :  The  sequence  of  eight  (or  any  multiple  of 
eight  if  extended)  bits  immediately  following  the  opening  flag  of 
a  frame  identifying  the  secondary/combined  station  sending  a 
response  frame  (or  designated  to  receive  a  command  frame) . 

Address  field  extension:  Enlarging  the  address  field  to  include 
more  addressing  information. 


Combined 

balanced 

commands 

commands 


station:  That  station  responsible  for  performing 

link  level  operations.  A  combined  station  (1)  generates 
and  interprets  responses  and  (2)  interprets  received 
and  generates  responses. 


Command:  The  content  of  the 
by  the  primary/combined 
secondary/combined  station 
function. 


control  field  of  a  command 
station  instructing  the 
to  perform  some  specific 


frame  sent 
addressed 
link  level 


Command  frame: 


All  frames 


that  are 


transmitted  by 


the  primary 
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station  (or  by  a  combined  station  that  has  the  remote/receiving 
combined  station  address)  are  referred  to  as  command  frames. 

Conf station:  A  station  is  configurable  if  it  has  as  the 
result  of  mode-setting  action,  the  capability  to  be,  at  different 
times,  more  than  one  type  of  logical  station;  i.e.,  primary 
station,  secondary  station,  or  combined  station. 


22H£rol  (2)  :  The  sequence  of  eight  (or  sixteen  if  extended 

control  field)  bits  immediately  following  the  address  field  of  a 
frame.  The  content  of  the  control  field  is  interpreted  by  the 
receiving: 

(1)  Secondary  station,  designated  by  the  address  field,  as 
a  command  instructing  the  performance  of  some  specific 
function. 


(2)  Primary  station,  as  a  response  from  the  secondary 
station,  designated  by  the  address  field,  to  one  or 
more  commands. 


(3)  Combined  station,  (a)  as  a  command  instructing  the 
performance  of  some  specific  function,  if  the  address 
field  designates  the  receiving  combined  station,  (b)  as 
a  response  to  one  or  more  transmitted  commands  if  the 
address  field  designates  the  remote  combined  station. 


Cont r ol  field  extension:  An  enlargement  of  the  control  field  to 
include  additional  control  information. 


Data  link:  An  assembly  of  two  or  more  terminal 
the  interconnecting  line  operating  according 
method  that  permits  information  to  be  exchanged 
the  term  "terminal  installation"  does  not  includ 
and  the  data  sink. 


installations  and 
to  a  particular 
;  in  this  context 
e  the  data  source 


Discard:  A  station  may  "discard"  all  or  part  of  a  received  frame: 

(1)  A  "discarded"  frame  is  a  received  frame  whose  control 
and  information  fields  are  not  examined  or  used;  i.e., 
the  station  takes  no  action  on  any  part  of  the  frame. 

(2)  A  "received"  frame  may  have  its  information  field 
(I/DI)  "discarded",  i.e.,  the  control  field  of  the 
frame  is  used  but  the  information  field  is  ignored. 

Exception  condition:  The  condition  assumed  by  a  station  upon 
receipt  of  a  control  field  which  it  cannot  execute  due  to  either 
a  transmission  error  or  an  internal  processing  malfunction. 

Flag  sequence (F) :  The  unique  sequence  of  eight  bits  (01 1 1 1 1 1 0) 
employed  to  delimit  the  opening  and  closing  of  a  frame. 
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Frame:  The  seguence  of  contiguous  bits,  bracketed  by  and 

including  opening  and  closing  flag  seguences.  A  valid  frame 
contains  at  least  32  bits  between  flags  and  contains  an  address 
field,  a  control  field  and  a  frame  check  seguence.  A  frame  may 
or  may  not  include  an  information  field. 

Frame  check  sequence  (FCS) :  The  field,  immediately  preceding  the 
closing  flag  seguence  of  a  frame,  containing  the  bit  seguence 
that  provides  for  the  detection  of  transmission  errors  by  the 
receiving  station. 

High  level:  The  conceptual  level  of  control  or  processing  logic 
existing  in  the  hierarchical  structure  of  a  station  that  is  above 
the  link  level  and  upon  which  the  performance  of  link  level 
functions  are  dependent,  e.g.,  device  control,  buffer  allocation, 
station  management,  etc. 

I mplement:  A  command/response  is  implemented  if  it  is  part  of  the 
receiving  station's  repertoire;  1 . e . ,  the  receiving  station  is 
capable  of  decoding  and  actioning  the  control  field  in  the 
received  command/response. 

Information  field:  The  seguence  of  bits  ocurring  between  the  last 
bit  of  the  control  field  and  the  first  bit  of  the  frame  check 
seguence.  The  information  field  contents  are  not  interpreted  at 
the  link  level. 

Interframe  time  fill:  The  seguence  of  bits  transmitted  between 
frames.  This  standard  does  not  provide  for  time  fill  within  a 
frame. 

Invalid  received  frame : 

(1)  An  invalid  frame  is  one  that  is  not  properly  bounded  by 
two  flags  (thus  an  aborted  frame  is  an  invalid  frame) 
or  one  that  is  too  short  (e.g.,  shorter  than  32  bits 
between  flags)  . 

(2)  An  invalid  command/response  is  a  frame  which  has  a 
control  field  encoding  which  is  not  defined  in  this 
standard. 

(3)  An  invalid  N (E)  is  one  which  points  to  an  I  frame  which 
has  previously  been  transmitted  and  acknowledged,  or  to 
an  I  frame  which  has  not  been  transmitted  and  is  not 
the  next  seguential  I  frame  pending  transmission. 

Link  level:  The  conceptual  level  of  control  or  processing  logic 
existing  in  the  hierarchical  structure  of  a  station  that  is 
responsible  for  maintaining  control  of  the  data  link.  The  link 
level  functions  provide  an  interface  between  the  station  high 
level  logic  and  the  data  link;  these  functions  include  (transmit) 
bit  injection  and  (receive)  bit  extraction,  address/control  field 
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(2)  Organization  and  control  of  data  flow 

(3)  Retransmission  control 

(4)  All  recovery  functions  at  the  link  level 


Receive:  A  station  "receives"  a  command  or  response  frame  when 
the  incoming  bit  configuration  is  bounded  by  two  flags,  contains 
an  address  field  recognized  by  that  station,  and  has  a  correct 


FCS . 


Respond  opport unity:  The  link  level  logical  control 
during  which  a  given  secondary/combined  station  may 
response  frame  (s)  . 


condition 
transmit  a 


Response:  The 
advising  the 
processing  by 
command  frames 


content  of  the  control  field  of 
primary/combined  station  with 
the  secondary/ combined  station 


a  response  frame 
respect  to  the 
of  one  or  more 


5®.§Eonse  frame:  All  frames  that  may  be 
station  (or  by  a  combined  station  that 
combined  station  address)  are  referred 


transmitted  by  a  secondary 
has  the  local/transmitting 
to  as  response  frames. 


Secondary  station:  Th 
unbalanced  link  level 
station.  A  secondary 
generates  responses. 


at  station  responsible  for  performing 
operations,  as  instructed  by  the  primary 
station  interprets  received  commands  and 


Secondary  status:  The  curre 
with  respect  to  processing 
the  primary  station. 


Station : 
primary, 
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station. 
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This  appendix  provides  additional  explanatory  information  to 
assist  in  the  use  of  the  standard.  For  ease  of  reference,  the 
paragraph  numbers  in  this  appendix  correspond  with  those  in  the 
body  of  the  standard. 

B  3.4  Frame  Structure,  Information  Field 

Although  the  maximum  length  of  the  information  field  is 
theoretically  unlimited,  it  will  be  constrained  by  one  or  more  of 
the  following  factors: 

(1)  Error  detection  capability  of  the  FCS 

(2)  Channel  error  characteristics  and  data  rates 

(3)  Station  buffer  sizes  and  strategies 

(4)  Logical  properties  of  the  data 

B  3.  1_  Flag  Sequence ,  and  B  3.8  Time  Fill 


Although  this  standard  permits  the  closing  flag  of  one  frame  to 
be  the  opening  flag  of  the  next  frame,  it  must  be  recognized  that 
in  certain  implementations  this  may  result  in  crisis  time 
problems.  Onder  those  conditions,  it  may  be  necessary  to 
transmit  interframe  time  fill.  The  amount  of  time  fill  must  be 
predetermined  by  prior  mutual  agreement. 

B  3.9  Idle  Link  State 


Detection  of  an  idle  link  condition  may  require  the  use  of  a 
timer  or  an  alternate  clock  to  determine  receipt  of  a  continuous 
one  condition  for  15  bit  times  if  the  link  configuration  does  not 
provide  clock  signals  in  an  idle  condition. 


B  7. 4. 2. 2  Unnumbered  Information ,  01 ,  Command 
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APPENDIX  C  -  EXAMPLES  OF  THE  USE  OF  COMMANDS  AND  RESPONSES 


The  examples  in  Appendix  C  are 
only  and  should  not  be  interpr* 
the  exchange  of  the  various 


The  notation  used 
below : 


in 


of  fe 

re 

d 

f  or  il 

lu 

ted 

as 

e 

s tabli 

sh 

comm 

an 

d 

and  r 

es 

ied 

in 

t 

he  s ta 

nd 

ndix 

C 

diagr 

am 

ve  purposes 
.y  protocol; 
frames  is 

illustrated 


Flag  (i.e„,  frame  boundary) 

Frame  containing 
information 


\  \ 


Frame  without 
information 


UNBALANCED  MODE  OPERATION 


Information  Format  Frame 


Send  Sequence  Number 


Information  Frame: 


(next  expected  frame). 

Example:  Pri  xmits:  12, 6P.  This  denotes  a  primary  information 

format  frame  with  sequence  number  2;  the  next  expected 
frame  from  the  secondary  station  is  sequence  number  6 
(frames  numbered  5  and  below  are  therefore 
acknowledged) ;  and  the  poll  bit  is  set  to  "1"  (i.e., 

the  secondary  station  is  to  initiate  transmission  with 
information  format  frames  if  available). 


Supervisory  Command/Response 


Supervisory  Frame:  XXX  N(R),P/F< - Poll  cr  Final  Bit  set  to  "1" 


V 


Receive  Sequence  Number 


Example:  Pri  xmits:  RR2,P.  This  denotes  a  receive  ready 

command,  N(R)=2  (i.e.,  the  next  expected 

the  secondary  station  is  sequence  number  2) 
bit  is  set  to  "1". 


(RR) 
frame  from 
;  the  poll 
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Unnumbered  Frame: 


/ 

Y  Y  YY  , P/F 


Unnumbered  Command/Besponse 


Poll  or  Final  Bit  set  to  "I" 


Example : 


PlI  xmits:  SNRM,P.  This  denotes  a  set  normal  response 
mode  (SNEM)  command  with  the  poll  bit  set  to  "1". 


BALANCED  MODE  OPERATION 

Balanced  mode  operation  notation  is  identical  tc  that  of  the 
unbalanced  mode  except  that  a  station  address  must  be  indicated 
in  order  to  designate  the  frame  as  a  command  or  a  response. 


Information  Frame:  A, I  N(S),N(B)  P/F 

r 

1 — Address:  remote  station  address  indicates 
frame  is  a  command;  local  station 
address  indicates  frame  is  a  response. 

Example:  Combined  xmits:  A,I2,6P.  This  denotes  a  command 

information  format  frame  with  sequence  number  2;  the 
next  expected  frame  is  sequence  number  6;  the  poll  bit 
is  set  to  "I". 


Supervisory  Frame:  A/XXX  N(B),P/F 


Example: 

Combined  xmits:  6,882,1.  This  denotes  a  response 
receive  ready  (BE)  with  N  (E)  =  2;  the  final  bit  is  set 
to  "1". 

Unnumbered 

Frame:  A, YYYY ,P/F 

Example: 

Combined  xmits:  A,SABM,P.  This  denotes  a 
asynchronous  balanced  mode  (SABM)  command  with 
poll  bit  set  to  "1". 

set 

the 

NOTE:  (1) 

Retransmitted  information  format  frames  are  shown 
a  double  line:  i.e.,  \  -1 

with 

(2)  In  this  Appendix  only,  zero  is  denoted  by:  "J3" 
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INDEX  TO  EXAMPLES  ON  PAGES  84-103 


APPLIC  ABLE 

TYPE  OF 

CLASSES 

RECOVERY 

EXAMPLE 

ILLUSTRATED 

1. 

NRM  -  TWA 

EXAMPLES 

1.  1 

No  Errors 

1.1.1 

Secondary  I  Frames  Only 

UN 

- 

1.1.2 

Primary  I  Frames  Only 

UN 

- 

1.1.3 

Primary  and  Secondary  I  Frames 

UN 

- 

1.2 

Command 

Frame  Errors 

1.2.1 

Start-Up 

UN 

TO 

1.2.  2 

I  Frame 

UN 

P/F 

1.2.3 

Poll  Frame 

UN 

P/F 

1.3 

Response 

Frame  Errors 

1.3.1 

Sta  rt- Up 

UN 

TO 

1.3.2 

I  Frame 

UN 

P/F 

1.3.3 

Final  Frame 

UN 

P/F 

1.4 

Command 

and  Response  Frame  Errors 

1.4.1 

Primary  I  and  Secondary 

UN 

P/F 

Final  Frames 

2. 

ARM  -  TWA 

EXAMPLES 

2.  1 

No  Errors 

2.1.1 

Secondary  I  Frames  Only 

UA 

- 

2.  1. 2 

Contention 

UA 

- 

2.2 

Command 

Frame  Errors 

2.  2.  1 

Start-Up 

UA 

TO 

2.  2.  2 

I  Frame 

UA 

P/F 

2.  2.  3 

Poll  Frame 

UA 

TO 

2.3 

Response 

Frame  Errors 

2.3.  1 

Start-Up 

UA 

TO 

2.  3.  2 

I  Frame 

UA 

P/F 

2.  3.  3 

Final  Frame 

UA 

P/F 

3. 

NR  M  -  TWS  EXAMPLES 

3.  1 

No  Errors 

3.  1.  1 

Secondary  I  Frames  Only 

UN 

- 

3.1.2 

Primary  I  Frames  Only 

UN 

- 

3.1.3 

Secondary  and  Primary 

UN 

- 

I  Frames 
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APPLICA  BL E 

TYPE  OF 

CLASSES 

RECOVERY 

ILLUSTRATED 

3.  2 

Command 

Frame  Errors 

3.  2.  1 

I  Frame 

UN 

REJ 

3.  2.2 

I  Frame 

UN 

SREJ 

3.  3 

Response  Frame  Errors 

3.3.  1 

I  Frame 

UN 

REJ 

3.3.2 

I  Frame 

UN 

SREJ 

4. 

ARM  -  TWS  EXAMPLES 

4.  1 

No  Erro 

rs 

4.1.1 

Intermittent  I  Frames  From 

UA 

- 

Primary  and  Secondary 

4.1.2 

Continuous  I  Frames  From 

UA 

- 

Primary  and  Secondary 

4.  2 

Command 

Frame  Errors 

4.  2.  1 

Start-Up 

UA 

TO 

4.2.  2 

I  Frame 

UA 

REJ 

4.2.3 

I  Frame 

UA 

SREJ 

4.  2.4 

I  Frame 

UA 

P/F 

4.  3 

Response  Frame  Errors 

4.  3.  1 

I  Frame 

UA 

REJ 

4.3.  2 

I  Frame 

UA 

SREJ 

4.3.  3 

I  Frame 

UA 

P/F 

5. 

mode_changing_examples_ 

5.  1 

NRM  to 

ARM  -  TWA  Examples 

5.1.1 

Orderly  Change,  Primary 

UN 

to 

UA 

- 

and  Secondary  I  Frames 

5.  1. 2 

Orderly  Change,  Primary  Only 

UN 

to 

UA 

- 

I  Frames 

5.  1. 3 

Orderly  Change,  Secondary  Only 

UN 

to 

UA 

- 

I  Frames 

5.2 

NRM  to 

ARM  -  TWS  Examples 

5.  2.  1 

Immediate  Change,  Primary 

UA 

to 

UN 

- 

and  Secondary  I  Frames 

5.  2.  2 

Orderly  Change,  Primary  Only 

UA 

to 

UN 

- 

I  Frames 

5.  2.  3 

Orderly  Change,  Secondary  Only 

UA 

to 

UN 

- 

I  Frames 

5.  3 

ARM  to 

NRM  -  TWA  Examples 

5.3.  1 

Orderly  Change,  Primary 

UA 

to 

UN 

- 

and  Secondary  I  Frames 

5.3.2 

Orderly  Change,  Primary  Only 

UA 

to 

UN 

- 

I  Frames 

5.3.  3 

Orderly  Change,  Secondary  Only 

UA 

to 

UN 

- 

I  Frames 
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APPLICABLE 

TYPE  OF 

CLASSES 

RECOVERY 

ILLUSTRATED 

5.  4 

ARM  to 

NRM  -  TWS  Examples 

5.4.  1 

Immediate  Change,  Primary 

UA 

to 

UN 

- 

and  Secondary  I  Frames 

5.4.2 

Orderly  Change,  Primary  Only 

UA 

to 

UN 

- 

I  Frames 

5.  4.  3 

Immediate  Change,  Secondary  Cnly 

UA 

to 

UN 

- 

I  Frames 

5.5 

N  DM/ADM 

Examples 

5.  5.  1 

NDM/ADM  to  ARM  -  TWA 

UA 

- 

5.  5.  2 

NDM/ADM  to  NRM  -  TWA 

UN 

- 

5.  5.  3 

ADM  to  ARM  -  TWA,  Primary  Actions 

UA 

- 

Secondary  Request  for 
Mode-Setting  Command 

5.5.4 

NDM/ADM  -  TWA,  Primary  Refuses 

UA 

and 

UN 

- 

Secondary  Request  for 
Mode-Setting  Command 

6. 

CLOSING 

PROCEDURE  EXAMPLES 

6.  1 

NRM-TWA 

UN 

_ 

6.  2 

NRM-TWS 

UN 

- 

6.3 

ARM-TWA 

UA 

- 

6.  4 

ARM-TWS 

UA 

- 

7. 

EXCEPTION 

RECOVERY  TWS  EXAMPLES 

7.  1 

REJ  and 

P/F  Bit  Exception  Recovery 

7.1.1 

NRM,  Secondary  Receives  REJ 

UN 

REJ 

7.  1. 2 

NRM,  Secondary  Misses  REJ 

UN 

P/F 

7.1.3 

ARM,  Secondary  Receives  REJ 

UA 

REJ 

7.1.4 

ARM,  Secondary  Misses  REJ 

UA 

P/F 

7.2 

SREJ/REJ  Exception  Recovery 

7.  2.  1 

NRM  TWS,  Primary  Receives  SREJ 

UN 

SREJ 

7.2.2 

NRM  TWS,  Primary  Misses  SREJ 

UN 

SREJ 

7.2.3 

ARM  TWS,  Primary  Receives  SREJ 

UA 

SREJ 

7.2.4 

ARM  TWS,  Primary  Misses  SREJ 

UA 

SREJ 

7.  2.  5 

ARM  TWS,  SREJ  Missed  Twice 

UA 

SREJ 
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APPLICABLE 

CLASSES 


TYPE  OF 

RECOVERY 

ILLUSTRATED 


8. 


BALANCED  CONTROL  OPERATION  EXAMPLES 


8.  1 

Continuous  I  Frames,  No  Errors 

BA 

- 

8.  2 

Intermittent  I  Frames,  With  Errors 

BA 

P/F 

8.  3 

Simultaneous  Mode-Setting  Actions 

8.3.1  Contention  SABM-SABM 

BA 

_ 

8.3.2  Contention  SABM-SABM  (Errors) 

BA 

TO 

8.3.3  Contention  DISC-DISC 

BA 

- 

8.3.4  Contention  DISC-DISC  (Errors) 

BA 

TO 

8.3.5  Contention  DISC-SABM 

BA 

- 

8.3.6  Contention  DISC-SABM  (Errors) 

BA 

TO 

8.5.7  Contention  SABME-SABM 

BA 

- 

8.3.8  Contention  SABME-SABM  (Errors) 

EA 

TO 

9. 

ARM  TWS  POINT-TO-POINT 

9.  1 

Continuous  Primary  and  Secondary  I  Frames 

UA 

_ 

9.2 

Continuous  Primary  and  Intermittent 

UA 

- 

Secondary  I  Frames 

9.3 

Intermittent  Primary  and  Continuous 

UA 

- 

Secondary  I  Frames 

10. 

SYMMETRICAL  TWS  POINT-TO-POINT 

10.1 

Start-Up/Continuous  Primary 

UA  and  UN 

- 

and  Secondary  I  Frames 

10.2 

Start-Up/Continuous  Primary  Only 

UN 

— 

10.3 


I  Frames  (via  RNR) 
Start-Up/Continuous  Primary  Only 
I  Frames  (Optional  Function) 


UN 


APPENDIX 


1.  Examples  of  normal  response  mode  (NRM)  two-way  alternate  (TWA) 
transmission 

1.1  NRM  TWA  without  transmission  errors 

1.1.1  NRM  start-up  procedure  and  secondary-only  information  transfer 


Pri  xmits: 


Sec  xmits: 


SNRM , P  RR0  ,  P 


RR3,P 


11,0  12, 0F 

♦  »  - —\ 


13,0 


1.1.2  NRM  start-up  procedure  and  primary-only  information  transfer 


Pri  xmits: 


Sec  xmits: 


SNRM , P 


10,0  .  II, 0P  ,  .12,0  .13,0  , 

»  1 — I  - - — -  T  ~~  " - ( 


UA,F 


RR2  ,F 


1.1.3  NRM  information  transfer  by  primary  and  secondary 


Pri  xmits:  ™  ^  ^  12  »0P 


13,2  14, 2P 

h— - H— - » 


Sec  xmits: 


I  10,3  ^1-3^ 


1.2  NRM  TWA  with  transmission  errors  in  command  frames 
1.2.1  NRM  start-up  command  error 


Pri  xmits: 


Sec  xmits: 


Timeout 


SNRM , P 


10,0 

I - 


l 


1.2.2  NRM  primary  information  frame  error 


Pri  xmits: 

Sec  xmits: 


Retransmitted  Frames 


11,2 


/  ./ 


^12,2  ^13, 2P  ^ 


II, IF 

4 - — I 


15,3 

I - 1 
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1.2.3  NRM  primary  poll  frame  error 


Pri  xmits: 


Sec  xmits: 


Timeout 


RR0 ,  P 


10,2 


.  Retransmitted  Frame 


12,2  13,2  ID, 2  , 

*=! - 1 - ? 


-11  >2F| 


1.3  NRM  TWA  with  transmission  errors  in  response  frames 
1.3.1  NRM  start-up  response  error 

SNRM , 

Pri  xmits: 

Sec  xmits: 

*Idle  link  state  detection  may  be  used  in  place  of  timeout  to 
initiate  primary  transmission. 


Time-out 


SNRM ,  P 


10,0 


UA ,  ¥* 


UA,F 


1.3.2  NRM  secondary  information  frame  error 


Retransmitted  Frames 


Pri  xmits: 

Sec  xmits: 


OR 


Pri  xmits: 

Sec  xmits: 


Retransmitted  Frames 
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1.3.3  NRM  secondary  "final"  frame  error 


Retransmitted  Frame 


D  .  ..  10,0  |  11,0  ,12, 0P. 

Pri  xmits:  I —  |  * 1 


Timeout  - >1 1  3  • 1  |  1 


Sec  xmits: 


(I0,3  ,  II 


I  11,5  1 12 , 5F 


OR 


Pri  Ymlts'  |I0,0  ,11,0  ,12, 0P, 

rri  xmits  .  | - - 1 - 1  -  Timeout 


Retransmitted  Frame 


RRI 


Sec  xmits: 


I10-3 


■7 


— i 


11,3  .12 , 3F 

i— ■— < — L— ' 


1.4  NRM  TWA  command  and  response  frame  errors 

1.4.1  NRM  TWA  primary  I  and  secondary  "final"  I  frame  errors 


Pri  xmits:  |  10,0  |I1  ,0  I2,0P| 


Sec  xmits: 


,10.1  | 1 1 . 1 


Timeout  - |12,1  |  13,1  |I4,1^ 

\ 


r 


Retransmitted 

Frame 


!  12. 5F, 


'fIdle  link  state  detection  may  be  used  in  place  of  timeout  to 
initiate  primary  transmission. 


2.  Examples  of  asynchronous  respond  mode  (ARM)  two-way  alternate  (TWA) 
transmission 

NOTE:  All  turnarounds  in  ARM  TWA  are  by  means  of  idle  link  state 
detection 

2.1  ARM  TWA  without  transmission  error 

2.1.1  ARM  start-up  procedure  and  secondary-only  information  transfer 

SARM , P  RR2  RR3 

Pri  xmits:  ^  M  M 

A  ’  F  ..  Indefinite  ,10,0  .11,0  ,  ^-Indefinite — *-,12,0  ,  4-Indefinite — ? 

Sec  xmits:  M  <—  Tlme  — H - 1 - 1  Time  * - I  Time 
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2.1.2  ARM  primary  and  secondary  information  transfer  with  contention 
situation 


Contention 


Pri  xmits: 


Sec  xmits: 


SARM , P 


| 1 1 ' Primary _ 10 , 0  jll ,  0P  | 


UA  P  Indefinite 
tHri  — -  Time - 


^10,0  jll.0 


Timeout 

Secondary 
•  Timeout  ■ 


^0^ 


2.2  ARM  TWA  with  transmission  errors  in  command  frames 
2.2.1  ARM  start-up  command  error 


Pri  xmits 


Sec  xmits: 


ts:  S»P 


Timeout 


SARM  ,P 
UA ,  F 


2.2.2  ARM  primary  information  frame  error 


Pri  xmits: 


Sec  xmits: 


SARM , P 


Indefinite 
« - Time  - 


UA  ,F 


Retransmitted  Frames 

/  / 


,11, 0P  .  ,10,0  II, 0P 

* - *  fc—  ■  I  =3 


RR0  ,  F 


RR2  ,  F 


Indefinite 
-  Time  - 


2.2.3  ARM  primary  "poll"  information  frame  error 


Timeout  forced  to  expiration  at  Idle  Link 
detection  following  receipt  of  RR1 

-Retransmitted  Frame 


Pri  xmits: 


Sec  xmits: 


SARM,P 


UA  ,F 


_Indef  inite 
Time 


- 111, Timeout^)  II  - 1  ) 


RR1 


RR4  ,  F 


Indefinite 
- Time  ~2 


2.3  ARM  TWA  with  transmission  errors  in  response  frames 
2.3.1  ARM  start-up 


Pri  xmits:  S.AR^’P 


SARM ,  P 


Timeout 


Sec  xmits: 


J£4 
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2.3.2  ARM  secondary  information  frame  error 


Retransmitted  Frames 


Pri  xmits: 

Sec  xmits: 


SARM ,  P 


UA,F  Indefinite  jnt 
M  * -  Time  — *i— 


RR0 ,  P 

»■* 

,0  .  .  10, 0F  11,0 


RR2 


Indefinite 
—  Time  — 


2.3.3  ARM  secondary  information  frame  error  --  no  reply  received 


Pri  xmits : 
Sec  xmits: 


SARM , P 


UA ,  F 


Indefinite 
-  Time  — 


RR2 


„  „  t-,  n  Indefinite 

Timeout  — »|I0.0  |I1.0 - (  < - Time  — ^ 


Retransmitted  Frame 


3.  Examples  of  normal  response  mode  (NRM)  two-way  simultaneous  (TWS) 
transmission 

3.1  NRM  TWS  without  transmission  errors 

3.1.1  NRM  start-up  procedure  and  secondary-only  information  transfer 


Pri  xmits: 


SNRM , P  RR0.P 

RRl 

RR2 

RR3 

RR4 

I 

I 

M 

M 

I 

1 

UA , F  10,0 

M  • - 

(I1 ,0 

j  12 ,0 

(I3,0 

14 

or,  where  primary  acknowledgements  are  returned 
for  several  response  frames 


SNRM,P  RR0,P 

Pri  xmits:  t—j 


U  A  ,  F  j  rt  nt 
Sec  xmits:  ,  -*-0  » 0 


RR3  RR5 , P 

M  - 

11,0  | 12,0  ^3,0  |  14, 0F  [  RR0,P 


3.1.2  NRM  start=up  procedure  and  primary-only  information  transfer 


Pri 

xmits : 

SNRM,P_  I0i0p 

11,0 

.I2.0P  .13,0 

.I4,0P 

15,0  . 

Sec 

xmits  : 

UA  ,  F 

1 

RRl .  F 

{ 

RR3  ,  F 

RR5 ,  F 

M 
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Pri  xmits  :  ‘  |—|  ’  i11’0 _ ^2,0  ,13,0  ^^,0 _ |I5.0P  , 

Sec  xmits:  ?*i'F  RR6,F 

N-N  M 


3.1.3  NRM  start-up  procedure  and  primary/secondary  information  transfer 

SNRM , P 

Pri  xmits:  10 ,0P  t  II  ,0  ,12,1  i  13 ,  ^  m ^  , 15  ,  ^  j  X  6 , 5  j[7 . 5  n 

Sec  xmits:  |  10,1  |I1,1  ,12,2  |I3,2  |I  A  a  2 _ |  15 ,5  |X  6 , 7-> 


3.2  NRM  TWS  with  transmission  errors  in  command  frames 
3.2.1  NRM  REJ  capability 


Pri  xmits:  ,10 ,0P 


Sec  xmits : 


I  II, P 

10,1 


Abort* — .  y.  Retransmitted  Frames, 

,13,1  j  ,13,  g 

tI2,2  R^2I3,2  ,1^,2  ,15.3  ,16. it  g 


*  Optional:  Frame  may  be  completed  or  aborted 


3.2.2  NRM  SREJ  capability 

Pri  xmits:  ,  W'9p  ,11.0 
Sec  xmits:  ,10  ,  X 


Retransmitted  Frame 


13,1  , 14,2  12,3  ( 15 J  (  16, 5, 

tI2,2  S^f3.2  jlH.2  (I5.5 _ |.-.y 


3.3  NRM  TWS  with  transmission  errors  in  response  frames 
3.3.1  NRM  REJ  capability 


Pri  xmits:  ,10 ,0P 


II,  { 


12,0 


,  13,1  ,1*1,1 


Sec  xmits: 


10,1 


11,2 


/ 


REJ  1 

15,1  16,1  17,1  10,2 

— W - 1 - 1 - 1 - £ 


12,3  |  1 3 , 


11,5 


Retransmitted  Frames 
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3.J.2  NRM  SREJ  capability 


Pri  xmits:  ,  1-0,0: 
Sec  xmits: 


II,  ( 


12, t 


13,1  14, 1 


10,1 

I - 1 


11,2  i/  12,' 

— r 


SREJl 

15,1  1  16,1  |  1 7  ,  b  ,10,4  ^ 


13,4 


.11  j  5 


14 ,6 


V 


Retransmitted  Frame 


4.  Examples  of  asynchronous  response  mode  (ARM)  two-way  simultaneous 
(TWS)  transmission 

4.1  ARM  TWS  without  transmission  errors 

4.1.1  ARM  start-up  procedure  and  intermittent  secondary  or  primary 
information  transfer 


Pri 

xmits : 

SARM , P 

1— 1 

10 , 1 

Sec 

xmits : 

UA ,  F 

Indefinite  _ 

Tin,-  ^  j  10,0 

1  1 

1  I 

RR2  .  F 


4.1.2  ARM  start-up  procedure  and  continuous  primary  secondary 
information  transfer 


Pri  xmits: 

Sec  xmits: 


SARM  ,P 


10 ,0P 


II . 


,12,1  ,13, 2P  ,14,2  ,15,3  |16’^ 


Tia  p  Indefinite 
UA’F  Time 


 —  --S 

10,0  ,11,  IF''  . 12,2  ,13,4/  ,14,5 

- 1 - ( - - 1 - 1 - 1 


4.2  ARM  TWS  with  transmission  errors  in  command  frames 


ARM 

start-up  command 

error 

SARI^P 

SARM  ,  P 

Pri 

xmits: 

/r  ■*—  Timeout  - 

- *■  - 

—  Indefinite 

UA  ,F 

Time 

Sec 

xmits : 
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4.2.2  ARM  REJ  capability 


SARM ,  P 

Pri  xmits: 

UA  ,  F 

Sec  xmits  : 


Aborts*  ,  ,,c  ui 

/  \  S  ^ 

hI0»0P  h-I-1^  rt\  12 _ i  I3.],/i|II.2P  |I2.R 

=  /  RF..T1  X - -si 


Indefinite 
Time 


Retransmitted  Frames 


lI-L 


RRl.F 


■  10,1  ,11,1 


REJ1 

N  l;i;1 


RR2  ,F 


T  "3  "3 


4.2.3  ARM  SREJ  capability 


Pri  xmits: 


Sec  xmits: 


SARM , P 


Indefinite 
«* — Time  - 


UA  ,F 


Retransmitted  Frame 


.10 


,0P  |  11,0  12,1 


13,1 


HlL 


,10,1  ,11,1  „,I2,: 


- ^ 

RR4  ,F 


SREJ1 


4.2.4  ARM  P/F  bit  recovery  with  transmission  error  in  command  frame 


15,3 


SARM  ,  P 


Pri  xmits: 


Sec  xmits: 


Retransmitted  Frames 

t  /  /  / 

10, 0P  .  11,1  a/  12,2  13, 3P  .14,4  15,5  II, 6P  12,7  13,0, 

Indefinite  1 - ; — • - Af  1  1 - j  — - 1 - 1  j  ■  I  ^ 


Time 


J 


10,0  ^1,0  ,  12, IF  |  13,1  t  14,1  , 15  ,  IF  |  16 , 1  t  17,1  ,10,2? 


UA  ,F 

*  Optional:  Frame  may  be  completed  or  aborted 


Secondary  N(R)  does  not  acknowledge  primary  frames 
through  previous  P  bit  (i.e.,  through  3); 

Primary  initiates  retransmission 


4.3  ARM  TWS  with  transmission  errors  in  response  frames 
4.3.1  ARM  TWS  capability 


Pri  xmits: 

Sec  xmits: 


Timeout  - H 


Retransmitted  Frames 
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4.3.2  ARM  SREJ  capability 


SARM.P 


Pri  xmits : 


Sec  xmits : 


j  10, 0P  II, ( 


Timeout 


,13,1 


SREJl , P 
.14,1 


,15,1 


UA.F 


Indefinite 

Time 


10,0 


II , 


,13,3 


14 , 4 


|H,5F  .15,5 


Retransmitted  Frame 


4.3.3  ARM  P/F  bit  recovery  with  transmission  error  in  response  frame 


SARM.P 

Pri  xmits:  fr— j  Indefinite 

Time 


Primary  N(R)  does  not  acknowledge  secondary  frames 
through  previous  F  bit  (i.e.,  through  d)  ; 
secondary  initiates  retransmission 

N 

jI0.jP  [I1,2  (I2,2  (I3,2P  ^4,2  ,15,2  16,3  17, 4P  10,5  , 


Sec  xmits : 


10,0  (  11,0  |  12 


/ 


UA ,  F 

♦Optional:  Frame  may  be  completed  or  aborted 


IF  14,2  15,3  12, 4F  13,5  14,6  15,7  l6,0F 

- - '  1  v1  f  1  t  '/  1  ; 


Retransmitted  Frames 


3.  Examples  of  changing  control  mode 

5.1  NRM  to  ARM  two-way  alternate  (TWA) 

5.1.1  TWA  NRM  to  ARM  mode  change 


Pri  xmits : 

^  1 

12,0P, 

RNRn^P  SARM.P 

, Indefinite  Time 

Sec  xmits : 

y 

10, 3F  R^,F  ^Fx 

\  ,  10,0 

J - h- 

5.1.2  NRM  to  ARM  mode  change  TWA 


Pri  xmits : 

,T1  ,0 

1  12. 0P  |  s^ar^.p 

^Indefinite  Time 

Sec  xmits : 

RF^F  F|R3^F  UA^F  ^ 

V  ^  (  10,0  11,0 
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5.1.3  NRM  to  ARM  mode  change  TWA 

Pri  xmits:  RNR3,P  SARM,P 

M  P*  ^-Indefinite  Time 

Sec  xmits:  11,0  12, 0F  RR0,F  UA,F  10,0  11,0 

H - 1 - 1  M  - >■  I - ( - 1 


5.2  NRM  to  ARM  two-way  simultaneous  (TWS) 

5.2.1  NRM  to  ARM  mode  change  TWS  (immediate  change) 


Pri  xmits:  11,2  12,3  RNR4 

H - 1 - 1 - PM 


SARM , P 


Sec  xmits : 


13,1  1^,2 

VH - - - 1 - 


Abort*  s- 


Indefinite  Time 

10,0  II. 

- -I - 1 - 


Frames  unaccepted 


5.2.2  NRM  to  ARM  mode  change  TWS 

(orderly  change  while  pri  xmits) 


Pri  xmits : 
Sec  xmits : 


II. 0P  .  12,0  .  13, 0P  RNR0 ,  P  SARM , P 

— - 1 - 1 - 1  M  M 

R^F  RRjMF  RRj^F  UAJ  £ 


Indefinite  Time 

10,0 

- -I - h 


5.2.3  NRM  to  ARM  mode  change  TWS 

(orderly  change  while  sec  xmits) 


Pri  xmits: 


RNR3 ,P  SARM , P 

k  w 


Indefinite  Time 


Sec  xmits:  11,0  12, 0F  RR0,F  UA.F  1 

M - - — I - 1  H  M 


10,0 


11,0 

H - 1 


*  Optional:  Frame  may  be  completed  or  aborted 


5.3  Two-way  alternate  (TWA)  ARM  to  NRM  mode  change 
5.3.1  TWA  ARM  to  NRM  mode  change 


Pri  xmits : 

Sec  xmits : 


11 |  12>0f 


IjjJR^.P  SNRM^I 


10,0 


|  10,31)  R^yF 


UA ,  F 


11,0 


11,0 

- 1 
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5.3.2  TWA  ARM  to  NRM  mode  change 


Pri  xmits: 


Sec  xmits: 


11,0  12, 0p 


RNR0,P  SNRM , P  10,0  11,0 

M  M  1 - — -I - 1 


RR3.F 


^  I^,F  U  ^ 


5.3.3  TWA  ARM  to  NRM  mode  change 


Pri  xmits : 


RNR3.P  SNRM , P  10,0  11,0 

H-f  M  h  I - — - 1 


Sec  xmits : 


11,0  12,0 


RR0  ,F  UA,F 


5.4  Two-way  simultaneous  (TWS)  ARM  to  NRM  mode  change 
5.4.1  TWS  ARM  to  NRM  mode  change  (immediate  change) 


Abort* 


Pri  xmits : 

Sec  xmits: 


II, 2P  12,3 


RNR5.P 


& 


SNRM , P 

H 


10, 0P  11,0 


-» 


13,1  ,  m,2F  |I5>3yffijjfF 


10,1  .  11,2 


-Frame  unaccepted 


5.4.2  TWS  ARM  to  NRM  mode  change 

(orderly  change  while  pri  xmits) 


Pri  xmits :  ^  II  ,0P  |  12,0 


Sec  xmits: 


R^F 


13, 0P  RNR0 ,  P  SNRM , P  I0  0p  n  a 

-+ - 1  M  M  I-  ’  I  ’l 

R^F  ^  j10*1  | 


5.4.3  TWS  ARM  to  NRM  mode  change 

(orderly  change  while  sec  xmits) 


Abort* 


Pri  xmits: 

Sec  xmits 


gR^  RNR3| 


RNR3  ,P  /  SNRM , P  10, 0P  11,0 


11,0  |  12,0  ,13 


^ - Frame  unaccepted 

•Optional:  Frame  may  be  completed  or  aborted. 


10,1 
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5.5  Examples  of  normal  disconnect  mode  (NDM) 

5.5.1  TWA  NDM  (or  ADM)  to  ARM  change 


Pri  xmits: 

SARM , P 

M  ,10,0  ,11, gp  [ 

Sec  xmits : 

5.5.2  TWA  secondary  in  NDM  (or  ADM)  to  NRM  change 

(secondary  indicates  it  is  unable  to  change  to  NRM) 


Pri  xmits: 

SNRM , P 

M 

See  xmits : 

DM  ,F 

M 

5.5.3  TWA  secondary  in  ADM 

(secondary  indicates  it  is  disconnected  and 
primary  sends  set  mode  command) 

SARM , P 

Pri  xmits:  (Poll) 


Sec  xmits : 

DM, F  UA.F 

H  M 

5.5.4  TWA  secondary  in  NDM  (or  ADM) 

(secondary  indicates  it  is  disconnected  and 
primary  refuses  to  send  set  mode  command) 

DISC  ,  P 

Pri  xmits:  (Poll) 


Sec  xmits: 

DM,F  DM,F 

H  H 

6.  Examples  of  end  of  operation  (general  closing  procedure 


6 . 1  NRM  TWA 

Pri  xmits: 

(  10,0  (  11 ,0P  (  RNR2  ,P 

Sec  xmits : 

10,2  11, 2F  RR2.F 

1 - 1 - 1  M 
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6.2  NRM  TWS 


Pri  xmits  : 

Sec  xmits : 


.  10, 0P  11,0  12,1 

► - 1 - 1 - 


10,1  11,1  12, 2F 

- 1 - 1 - 1 


13,2  RNR3.P 

- - H 

RR4  ,F 


6.3  ARM  TWA 

Pri  xmits : 
Sec  xmits : 


10,0  11,0 

I—  f 


p 

RR0  ,  F 


Timeout  or  Idle  Link 
Detection 


6.4  ARM  TWS 


Pri  xmits : 


Sec  xmits: 


|  10, 0P  [  11,0  [  12,0  |  13, IP 


RNR4  ,P 


,  10,  IF  11,2  12,3  13, ^F  14,4  RR4  ,F 

1 - 1 - 1 - 1 - 1 - 1 - r-H  H 

Frame  unaccepted 


7.  Examples  of  exception  recovery  procedures 

7.1  REJ  and  P/F  bit  exception  recovery  for  FDX  operation 

7.1.1  NRM  -  TWS  with  information  frame  exception 

REJ  1 

Pri  xmits:  ,  I0.0P  ,11,0  ,12.0  ,13.1  ,14,1  ^15,1  ,16.1  ,17,2  ,10,3  |U,^  |  ^ 

Sec  xmits:  ,10.1  |I1.2^|/|I2,3  |I3.4  [Ml. 5 ,11.5  ,12^.6  flj.7  jlH.g'  | 

Retransmissions 
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7.1.2  Example  7.1.1  above  except  REJ  is  not  received  correctly 


REJ  1 


// 

Pri  xmits:  ^  Iff ,0 p  |  1 1  /  0  [12,0  ^3,1  |  I  ^  1  1 1  |  1^  •  1  [17.1  |  10  -  ]  |I  L  .  1  j  T?rlP^ 


Sec  xmits : 


I10’1  l11’2^!  I2’3 ^ 


i  m .  s 


TM  pLi  >6  fU-O. 


RR7  ,  F 


4 


V 


Modulo  Number 
Exhausted 


h  n 


ftllil  il^.l  ,15,2  |I6 , 3  1 17  .  ^  ,  Ig.s  ,11.6  , 


Continuation : 


V’  \  f 

x  Retransmissions 


7.1.3  ARM  -  TWS  with  information  frame  exception 


REJ  1 


Pri  xmits:  ,10,6?  jll.7  jI2,0  |  I  3  ,  IP  |I**  ,1  ^15, IP  ,  16 . 1  ,17.2  ,10,1  jll .  ■M  j  ■, 

.10, IF  .11,2  i/ 12,3  .13,  .14,5  .11,5  .12, 6F  ,13,7  ,1^,0'  ,  -> 

-1 - 1 — r' - * - 1  (  1  f  1  / — 1  1 


Sec  xmits: 


b 


Retransmissions 


7.1 


.4  Example  7.1.3  above  except  REJ  is  not  received  correctly 


Pri  xmits: 


Sec  xmits: 


I0.6P  tIl,7  ,12.0  ,13.1? |  I'M.. 


f, 

4r 


REJ1 


s  1  P 


l - 1 


10, IF 


+1^2 


12,3  | 13 


.f(F 


|I6,1  (  17 , 1  ,I0,2P|I1,3  ; 


)  (JMi [T1.6FITP.7  |  h.g'-^ 


y 


Retransmissions 


Secondary  initiates  P/F  bit  recovery  because 
it  received  command  frame  15, IP  where  the  N(R) 
of  1  is  Less  than  N(S)  of  3  in  the  last  response 
frame  with  the  F  bit  set  to  "1"  (13, 4F). 
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7.2  SREJ/REJ  exception  recovery  for  TWS  operation 
7.2.1  NRM  -  TWS  with  information  frame  exception 


Pri  xmits :  jTfl  .  flP 
Sec  xmits: 


|I0,1  |I1,1 


<T 


Retransmission 


|i3,i |ii.2  pta ^ 

|  15,5 

SREJ1 


T6,5 

— h 


IE 


-l 

M. 


7.2.2  Example  7.2.1  above  except  SREJ  is  not  received  correctly 


.  Modulo  Number  Exhausted  v 

xmits:  (I0,gP  ,11.0a/!  12.0  ,13.1  |  ,IS-R  |  16  r  h _ ,17  ,R  ^ 

|I0.I  |  HU _ — -U- - - [J24J - - |Tfi,1  |I7,l — [Tg.'l  ^ 


Pri 


ed^ 


Sec  xmits: 


SREJ1 


I1,4V 


•Retransmission  -  Modulo  Number  still 
exhausted . 

lrf,V  ,  H,V  ,  12^'  Z 


,  /  /  • 


Continuation:  ^  ,11.1  ,12.1  ,13,1  w  (J2L2  _ ,16  .0  ,17.1 _ |  T0,2^ 

SREJ 
1 ,  F 


Modulo  Count 
Exhausted 


7.2.3  ARM  -  TWS  with  I  frame  exception  condition 

Retransmission 

Pri  xmits: 


:  p.7P  ,11,7(^12.0  fH.lP  j  II  •  2  jI^.3P  ,TS.4  |  TR  .  4  |I  7  .4  ,10,5,  Tl'.R^ 


Sec  xmits:  ^  ,10 -IF.  jll-J _ jg}  12.1  |-jI3M  ;  T4  .4 


EX 


4^4 


SREJ  SREJ 

1  1 ,  F 


7.2.4  Example  7.2.3  above  except  SREJ  is  received  in  error 


/  * 

Pri  xmits:  ,10. 7P  ,11.7^7,12.0  ,IS.1P  ,14.2  pi,3P  |  I5.j 

Sec  xmits  ^  ,  10  .  IF  ,  II  -  3  ^  T?J  |-|It1  ,  I1J ' 1  ,  1 5 , 5F^ 


Retransmission 


SREJ  SREJ 

1  1  ,F 
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7.2.5  Example  7.2.4  above  except  two  SREJ1  frames  are  received  in  error 


Pri  xmits : 


tip-6pi  “-y. 


i~  Timeout  H 


Modulo  count  exhausted 
Retransmission 


/ 


12,0  13 ,  IP  14,2  ,  15,3  16, 4P  17,4  II, 5P 

I - : - » - 1 - 1 - 1 - »  >=  :  ,  ■  ? 


Sec  xmits: 


17,0  10, IF 

fc- - 1 - 


i,u  /»-y  i3'b  "-1' 


15,1  j  16,1  t  17, 0F  !  10, a 


SREJ1 


SREJ1 ,F 


SREJ1 ,F 


8.  Examples  of  balanced  control  operation 
8.1  Continuous  information  frames 


Sta. 


B , SABM , P 

A:  H 


B , 10 , 0 

1 - 


Sta.  B: 


M- 


A , 10 , 0 


B , UA , F 


B , I 1 , 1  B , 12 , 2  A, 13, 3FA'RR4 

- 1 - 1  t - -M 

A, 11,0  A, 12, IP  A, 13, 2  A, 14, 3 

■i - f - i -  I  ' 


A,RR5  A , RR6  A , RR7 

W  H  M 

A, 15, 4  A , 1 6 , 4P 


F 


8.2 


Discontinuous  information  frames  (with  error) 


A ,  UA 

A ,  RR1 

A , RR1 , F  A , RR2 , F 

Sta.  A:  H 

M 

I 

I 

Sta.  B:  M  _ 

A.RR0,P  A, I 1 , 0P 

A, SABM 

r 

—  Timeout  — 

- ►  W  j  . 

' - Retransmitted 

8.3  Simultaneous  mode-setting  actions  (contention) 
8.3.1  Contention  between  SABM  and  SABM 


B , SABM 


Sta  A: 


Sta  B: 


A^SA|(d 


A,UA  © 
\ 


© 


S  b 


Procedure  may  be  completed  at  either  (p 
or  ©  with  link  available  for  information 
transfer . 
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8.3.2  Contention  between  SABM  and  SABM  (errors) 


Sta  A: 


Sta  B: 


B , SABM 


/ 


A,  SAB. 


B,UA  ' 


>jiU/ 


© 

Timeout 


A ,  SABM^, 


© 

A,UA  V 

>< 

/  \ 


fa 


l 


Procedure  may  be  completed 
at  either  ©-  ©  or  © 
with  link  available  for 
information  transfer. 


8.3.3  Contention  between  DISC  and  DISC 


Sta  A: 

B  ,  DISC  A ,  UA jl 

Sta  B : 

V  N 

A,  DISC,  n  B ,  UA  ' 

M  xt— ( 

t© 

© 

i 


\ 


© 


Procedure  may  be  completed  at  either  © 
or  ©  with  link  in  Disconnected  Mode. 


8.3.4  Contention  between  DISC  and  DISC  (errors) 

9 

A,  DM  f 


Sta  A: 

B , DISC 

Sta  B: 

a,  _ 

Q© 

y 


A , DISC  y  ^ 


\ 

t 

© 


Procedure  may  be  completed  at 
either  ©  ,  (2)  or  ©  with  link 
in  Disconnected  Mode. 


8.3.5  Contention  between  DISC  and  SABM 


Sta  A: 

Sta  B : 


I,  DISC  A,  DM 

N-4n 


B , DISC 

^  / 

A, SABM  /  N  B ,DM /  ' 

K  Nh-K 


© 

I 


© 


Procedure  is  completed  at  © 
with  link  in  Disconnected  Mode. 
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8.3.6  Contention  between  DISC  and  SABM  (errors) 


B , DISC 
Sta  A: 


Timeout 


Sta  B:  v 


A, SABM 


B,DM  | 


B , DISC  O 

1.  } 

''H' 

B  ,  DM 


Procedure  is  completed  at  Q) 
with  link  in  Disconnected  Mode. 


Sta  A: 

Sta  B: 
A 


© 

B  ,  DISC  A , DM  1 

.  ./.  ©// 

'  \  /  '  \ 

I x  \ 

h 


SABM 


Timeout 


A,  DM 


A, SABM 


© 


Procedure  is  completed 
at  Q)  with  link  in 
Disconnected  Mode. 


8.3.7  Contention  between  SABME  and  SABM 


Sta  A: 

Sta  B: 


B, SABME  A, DM  B , SABME 


A , SABM  B ,  DM 


© 

i 


/ 

/ 

\  ✓ 

B,UA  V 

Q 


Procedure  is  completed  at  (l) 
with  link  available  for 
information  transfer  in 
extended  mode. 


8.3.8  Contention  between  SABME  and  SABM  (errors) 


© 


B ,  SABI 


iBM&  A, DM  B, SABME 

,>-b 


Sta  A: 


Sta  B: 


/ 


/ 


\ 


A, SABM 


Timeout 


NM  ' 

B ,  UA  1^ 

© 


Procedure  is  completed  at  ^ 
with  link  available  for 
information  transfer  in 
extended  mode. 


B, SABME 


© 

l,  UA  l 


Sta  A: 


Sta  B: 


vfk'  XH-I 


A, SABM 


\  . _ .  / 

B,  DM 


Timeout 


A, SABM 


\ 

© 


Procedure  is  completed  at 
@with  link  available  for 
information  transfer  in 
unextended  mode. 
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9.  Primary-secondary  ARM  two-way  simultaneous  point-to-point  operation 

9.1  Continuous  information  frames  from  primary  and  secondary 


Pri:  II , 4P  12,4  13,5  ,14,5  .15, 6P  J6,7 

l — I - 1 - 1 - — - H1- - 1 - F - 


4-1 7 '  1 p 


Sec:  14, ( 

U - 1 


15, 2F 


16 , 3 


,17,5  ,I^,6F  .11,6  ,12,7,13,7  ,I4,0F  ,15, 1„ 

-1 - 1 - r- — — — r“ ^ 1- — - r — - 1 - 1 


9.2  Continuous  primary  information  frames 


Pri  : 


Sec : 


1+ 


II ,  4P 


RR1 


H 


.  12,4  1 3 , 4P 14,4  ,15, 4P  ,  16,5  ,  17, 6P 

1 - 1 - - - h— - 1 - : - 1 - 1 

RR2.F  RR3  RR4,F  I4(4  I5f5  RR  6 ,  F  RR7 

N  MM  I - 1 - H  H 


9.3  Continuous  secondary  information  frames 


RR5  RR6  RR7 ,  P  RR# '  ,  RR2  1 

Pri.  ;  Irl'lp— H  H  h  h  - |IW'  H 

Sec.  ,14. 15,1  !  I6.2F  |  17,2! !»• ,2F  |I1',2  |  12', 3 


RR3 '  RR5,P 

H  - H 

lI3'<4F  | 


10.  Symmetrical  (back-to-back)  primary-secondary  point-to-point  TWS 
operation  (see  Figure  2-3  configuration) 

10.1  Secondary  B  in  ARM  —  Secondary  A  in  NRM  operation 


Sta  A : 


B , SARM , P 


jB,  10,0 


A , UA , F 


B ,  1 1 , 1  j  B , 12 , 2  A , I# , 1  |  A, 11,1 


A  ,  I  2  ,J^F  B  ,  I  3 , 3  ,  B  ,  1 4 , 4 


sta  B.  ■  |  B,lg,0|  |  B , I 1 , #  t  A , I# , 0P  t  B , 12 , 2  |  A, 11,0 

B , uA, F  A , SNRM , P 


|  A, 12,1  j  B.I3.3  |  A.I3.3P^ 
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10.2  Use  of  RNR  to  restrict  information  frames  from  secondary  operation 


St,  A:  M  - H-— — - h8’13'*1 

A , UA , F  B , SNRM , P 


B,  14 ,0 


Sta  B 


B,I1,0 

■  M  - »■ 

S,UA,F 


A, RR4 ,F 


B , I  5 , 0  B , 16 , 0 

t - f 


A,|NRM,P  |  A,  10. 0  ,  ^,11,0  _A,I2,0  ,  A, 13,0 


A ,  RNR0  ,  P 


B , RNR0 , P 


A, 14,0  ^  A  ,  I  5 , 0  ^  A,I6,0 


+4^4 


B , RR6 , F 


10.3  Secondary  stations  do  not  transmit  information  frames 
(optional  function  8)  operation 


B , SNRM , P  B  T0  a 

Sta  A: 


B , I 1 , 0P 


B, 12 ,0 


A , UA , F 


B  ,  1 3 , 0 


B  ,  1 40 

‘ 


Sta  B  A,  10,0  j  A, 11,0  t  A, 12,0  j  A,I3,0P^  A, 14,0  |A,I5,0P  |  A, 16,0  ^A,X.7,0P^ 


B , UA , F 


B , RR2 , F 
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APPENDIX  D  -  FRAME  CHECK  SEQUENCE  (FCS) 

D1_.  Description 

The  transmission  integrity  of  a  received  message  is  determined  by 
use  of  a  frame  check  sequence  (FCS) .  The  FCS  is  generated  by  a 
transmitter,  inspected  by  the  receiver,  and  positioned  within  a 
frame  in  accordance  with  the  following  diagrams: 


r - * - First  Bit  Transmitted 

I 

t 


r  ~ 

|  Flag  |  Address 

S  I 

t_ - - - 

I  < - 


Control  |  Information 

I 


Frame  Check 
Sequence 


Flag  | 


k  bits - >|<--  16  bits — > 

G(X) 


< 


n  bits 
M  (X) 


> 


The  procedure  for  using  the  FCS  assumes  the  following: 

(1)  The  k  bits  of  data  which  are  being  checked  ny  the  FCS  can  be 
represented  by  a  polynomial  G(X). 


Examples : 

(a)  G (x)  = 

(b)  G(x)  = 

(c)  G(x)  = 


10100100  =  X? 
00. ..  010100  100 
101001  =  xs  + 


*  X5  +  X2  = 
=  X*+X5+X2 
X3  +  1 


X  2  (X5+X3+1) 

=  X2(X5+X3+1) 


In  general,  leading  zeros  don't  change  G(X)  and  trailing  zeros 
add  a  factor  of  X  where  n  is  the  number  of  trailing  zeros. 


(2)  The  address,  control,  and  information  field  (if  it  exists  in 
the  message)  are  represented  by  the  polynomial  G (X) . 


(3)  For  the  purpose  of  generating  the  FCS,  the  first  bit 
following  the  opening  flag  is  the  coefficient  of  the  highest 
degree  term  of  G (x)  regardless  of  the  actual  representation  of 
the  address,  control,  and  information  fields. 

(4)  There  exists  a  generator  polynomial  P  (X)  of  degree  16,  having 

the  form  P (X)  =  X  i &  + X  *  2 +ys  + 1 

D2 .  Generation  and  Use  of  FCS 

The  FCS  is  defined  as  a  one's  complement  of  a  remainder,  R(X), 
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obtained  from  the  modulo  two  division  of 


by  the  generator  ploynomial  P(X). 


FCS 


X“  G  (X)  +X  k  (X1  5+Xx  4 _ +X  +  1) 

P(X) 


Q(X)  + 


The  multiplication  of  G (X)  by  Xlfc  corresponds  to  shifting  the 
message  G (X) ,  16  places  and  thus  providing  the  space  of  16  nits 
for  the  FCS. 

The  addition  of  Xk  (X 1 5  +  X 1 4. - . +X+ 1 )  to  X16  G  (X)  is  equivalent  to 
inverting  the  first  16  bits  of  G(X).  It  can  also  be  accomplished 
in  a  shift  register  implementation  by  presetting  the  register  to 
all  "ones"  initially.  This  term  is  present  to  detect  erroneous 
additon  of  deletion  of  zero  bits  at  the  leading  end  of  M (X)  due 
to  erroneous  flag  shifts. 

The  complementing  of  R  (X)  by  the  transmitter  at  the  completion  of 
the  division  insures  that  the  transmitted  sequence  M(X)  has  a 
property  which  permits  the  receiver  to  detect  addition  or 
deletion  of  trailing  zeros  which  may  appear  as  a  result  of 
errors. 

At  the  transmitter  the  FCS  is  added  to  the  X14  G (X)  and  results 
in  the  total  message  M  (X)  of  length  K+16,  where  M(X)  =  X16  G  (X)  + 
FCS. 

The  reeiver  can  employ  one  of  several  detection  processes,  two  of 
which  are  discussed  here.  In  the  first  process,  the  incoming 
M  (X)  (assuming  no  errors;  i.e.,  M*(X)  =  M  ( X) )  is  multiplied  by 
X16,  added  to  Xk+16  (X15  +  X14  ...+X  +  1 )  and  divided  by  P(X). 

Xi‘  [X*4  G  ( X)  +  FCS]  +  Xk  +ife  (X»5  +  Xi4  ...  +  X  +  1)  = 


P(X) 


Qr  (X)  +  Rr  (X)/P  (X) 

Since  the  transmission  is  error  free,  the  remainder  Rr  (X)  will  be 
"000  1  1  10100001  1  1  1"  (Xis  through  X<>). 

Rr  (X)  is  the  remainder  of  the  division:  X14  L(X) 


P(X) 


where  L  (X)  =  X15  +  X14  ...  +X  +1.  This  can  be  shown  by 

establishing  that  all  other  terms  of  the  numberator  of  the 
receiver  division  are  divisible  by  P(X).  This  will  be  done 
below. 
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Note  that  FCS  =  R(X)  =  L (X) +R (X)  .  (Adding  L (X)  to  a  polynomial 
of  its  same  length  is  equivalent  to  a  bit  by  bit  inversion  of  the 
polynomial. ) 

The  receiver  division  numerator  can  be  rearranged  to: 

X16  £X16  G  (X)  +  XkL  ( X)  +  R  (X)  ]  +  X16  L(X). 

It  can  be  seen  by  inspecting  the  transmitter  generation  equation 
that  the  first  term  is  divisible  by  P(X);  thus  the  X16L(X)  term 
is  the  only  contributor  to  Rr(X). 

The  second  process  differs  from  the  first  in  that  another  term 
(X16L (X) )  is  added  to  the  numerator  of  the  generation  equation. 
This  causes  a  remainder  of  zero  to  be  generated  if  M*  (X)  is 
received  error  free. 

D3 .  Implementation 

A  shift  register  FCS  implementation  is  described  in  detail  here. 
It  utilizes  "ones  presetting"  at  both  the  sender  and  the  receiver 
and  the  receiver  does  not  invert  the  FCS.  The  receiver  thus 
checks  for  the  non-zero  residual  Rr(X)  to  indicate  an  error  free 
transmission.  Figure  D1  is  an  illustration  of  the 
implementation.  It  shows  a  configuration  of  storage  elements  and 
gates.  The  addition  of  Xk  (X 1 5  +  X 1 4 . . .  +  X+ 1 )  to  the  X16  G(X)  can  be 
accomplished  by  presetting  all  storage  elements  to  a  binary  value 

ii  i  »i 
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At  the  receiver,  before  data  reception, 
elements,  Xq  ...XI5  are  initialized  to  "ones", 
message  is  then  continuously  divided  by  P  ( X ) 
enabled) .  If  the  message  contained  no  errors, 
elements  will  contain  "0001110100001111"  (X^.-.Xq 
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Figure  D2  is  an  example  of  the  receiver  and  transmitter  states 
during  a  transmission  of  a  19  bit  G (X)  and  a  16  bit  FCS. 


The  implementation  of  the  FC 
as  described  in  this  Appendi 
implementations  are  possible 
only  requires  that  the  FCS 
rules  of  3.5  and  12.1  and 
division  by  the  polynomial 
transmission  of  M (X)  is  th 
term  first  and  thereafter 
regardless  of  the  actual  r 
M(X)  • 


S  generati 
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INPUT  TX  CRC  INPUT 

TO  TX  TO  RX 


RX  CRC 


MSB  _ 

~l  0 

1 

1 

1 

1 

0 

0 

1 


G  (x)  1 


1111111111111111 

1111101111110111 

0 

0111110111111011 

1 

0011111011111101 

1 

0001111101111110 

1 

1000101110110111 

1 

1100000111010011 

0 

1110010011100001 

0 

0111001001110000 

1 

101  1  110100  1  10000 

1 

0101111010011000 

0 

0010111101001100 

0 

1001001110101110 

1 

1100110111011111 

1 

1 1100010111 001 1 1 

0 

1 1 110101011  1 10  1 1 

0 

1111111010110101 

0 

01 1 1 1 1  1 10101 10  10 

1 

1011101110100101 

1 

0101110111010010 

1 

0010111011101001  1 

l  1 

000101  1101  1  10100 

0 

0000101110111010 

1 

0000010111011101 

1 

0000001011101110  F 

0 

0000000101110111 

1 

0000000010111011  c 

0 

00000000010  1110  1 

0 

0000000000101110  s 

0 

0000000000010111 

1 

0000000000001011 

0 

0000000000000101 

0 

0000000000000010 

0 

000000000000000  1 

1 

0000000000000000 

0 

0000000000000000  "  1 

f  t 

XO  its 


1111111111111111 
1111101111110111 
0111110111111011 
0011111011111101 
0001 111101111110 
1000101110110111 
1 1 0000011101001 1 
1110010011100001 
0111001001110000 
1011110100110000 
0101111010011000 
0010111101001100 
1001001110101110 
1100110111011111 
1110001011100111 
111101010111  1011 
11111 11010110101 
0111111101011010 
101 1101110100101 
0101110111010010 
1010101011100001 
1101000101111000 
1110110010110100 
1111001001010010 
01 1 1100100101001 
00  1 1110010010100 
0001 1 11001001010 
0000111100100101 
1000001110011010 
1100010111000101 
1110011011101010 
0111001101110101 
1011110110110010 
1101101011010001 
1110100101100000 
1111000010111000 

I  / 

X°  X  1  s 


Figure  D2 
FCS  Example 
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ATTN:  Sales  Office,  Sills  Building 

5285  Port  Royal  Road 
Springfield,  VA  22161 

Phone  -  (703)  487-4650 

Office  Hours  -  7:45am  to  5:00pm 
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National  Institute  of  Standards  and 
Technology 

[Docket  No.  931057-4117] 

fCN  CS93-AA38 

Approval  of  Withdrawal  of  Federal 
Information  Processing  Standard 
(RPS)  71,  Advanced  Data 
Communication  Control  Procedures 
(ADCCP)  and  FIPS  78,  Guideline  for 
Implementing  ADCCP 

AGENCY:  National  Institute  of  Standards 
and  Technology  (NIST),  Commerce. 
ACTION:  Notice. 


Administrative  Service  Act  of  1949  as 
amended  by  (he  Computer  Security  Act  nf 
1987,  Pubiic  Law  ICG-235. 

Dated:  June  17,  1994. 

Sirnuel  Kramer, 

Associate  Director. 

|FR  Due  94-15189  Filed  6-21-94;  3:45  am| 
BILUNG  ccoe  :510-CJt-U 


summary:  The  purpose  of  this  notice  is 
to  announce  that  the  Secretary  of 
Commerce  has  approved  the  withdrawal 
of  Federal  Information  Processing 
Standard  (FIPS)  71,  Advanced  Data 
Communication  Control  Procedures 
(ADCCP)  and  FTPS  73,  Cuideline  for 
Implementing  Advanced  Data 
Communication  Control  Procedures 
(ADCCP). 

On  November  16, 1693,  notice  was 
published  in  the  Federal  Register  (58 
FR  6C425)  proposing  withdrawal  of 
Federal  Information  Processing 
Standard  (FIPS)  71,  because  the 
technical  specifications  that  they  adopt 
are  obsolete  and  are  no  longer  supported 
by  industry.  NIST  also  stated  that  if 
FIPS  71  were  withdrawn,  FIPS  78 
would  be  withdrawn  as  well. 

The  written  comments  submitted  by 
interested  parties  and  other  material 
available  to  the  Department  relevant  to 
this  standard  was  reviewed  by  NIST.  On 
the  basis  of  this  review,  NIST 
recommended  that  the  Secretary 
approve^  the  withdrawal  of  FTPS  71  and 
78.  and  prepared  a  detailed  justification 
document  for  the  Secretary's  review  in 
support  of  that  recommendation. 

The  detailed  justification  document 
which  was  presented  to  the  Secretary  is 
part  of  the  public  record  and  is  available 
for  inspection  and  copying  in  the 
Department’s  Central  Reference  and 
Records  Inspection  Facility,  Room  6020. 
Herbert  C.  Hoover  Building,  14th  Street 
between  Pennsylvania  and  Constitution 
Avenues.  NW.,  Washington,  DC  20230. 
EFFECTIVE  DATE:  This  withdrawal  is 
effective  on  June  22,  1994. 

FOR  FURTHER  INFO rJAATiOM  CONTACT: 

Ms.  Shirley  Radadc,  National  Institme  of 
Standards  and  Technology, 

Gaithersburg,  MD  2CS99,  telephone 
(301 ) 973-2833. 

Authority:  Federal  Iniurrnabon  Processing 
Standards  Publications  iFlPS  PUBS)  ore 
issued  bv  (be  N'acocal  Laslitum  of  Standards 
and  Technology  after  approval  by  the 
St-retarv  of  Comrr.crr.r  pursuant  to  Sec!  .on 
Illlii!  of d he  cr<ien)  IVnperrvnnil 


1 


